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1 INTRODUCTION 
 
 The objective of this paper is twofold: first, the empirical task is to develop a typology of 
Russian regions based on the theory of regional innovation systems (RIS) and innovation 
barriers; and second, to discuss policy implications of developed typology by focusing on 
Krasnoyarsk region. Empirical goal is achieved through creating a system of indicators similar to 
that used for EU Innovation Scoreboard and Regional Innovation Scoreboard and implementing 
cluster analysis techniques to obtain a typology of regions. Unlike previous attempts to classify 
Russian regions, this approach is novel because it does not aim at ranking regions based on their 
innovative potential or performance, but rather proposes to perform grouping of regions based on 
similarities of regional innovation systems and potential innovation barriers. System of indicators 
used in this paper differs from that of EU Innovation Scoreboard and Regional Innovation 
Scoreboard because it includes an additional block reflecting socio-economic conditions of 
regions which allows incorporating theory of innovation barriers into empirical analysis.  
 In addition, there is currently a research gap in academic literature about less innovative 
regions in Russia, and Siberian regions in particular, which explains the choice of Krasnoyarsk 
region for policy implication discussion. Investigating innovation systems of leading innovative 
regions is certainly important, and has been done in Russian context by various sources (OECD 
reports, case studies, rankings of Russian regions). Yet, studying all types of regions and less 
favored regions in particular, and understanding their specific regional barriers to innovation, 
could be of particular value for regional policy-makers and consequently could contribute to 
innovative development of these regions. Policy recommendations for Krasnoyarsk region were 
proposed based on quantitative findings as well as on qualitative data obtained through three 
personal interviews with representatives of Krasnoyarsk RIS. 
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2 THEORY 
 
 This section describes theoretical framework used in the analysis drawing particular 
attention to concepts of regional innovation systems and barriers to innovation.    
2.1 Why to focus on regional innovation systems? 
 Traditional frameworks such as linear innovation model viewed innovation phenomenon 
as a result of firms innovating in isolation. Recently, such vision was replaced by new models 
which focused on the systemic character of innovation. Edquist (2005) associates system of 
innovation with determinants of innovation process and thus broadly defines it as “all important 
economic, social, political, organizational, institutional, and other factors that influence the 
development, diffusion, and use of innovations”. This theoretical concept is formed around the 
idea that firms do not innovate in isolation but instead collaborate with and depend on other 
organizations (Edquist, 2005).    
 Regional dimension of innovation systems has recently been emphasized in the academic 
literature due to the role of geographic proximity in diffusing knowledge and creating informal 
personal networks, as well as due to regional differences in industrial specializations and 
institutions (Tödtling and Trippl, 2005). Indeed, regions are increasingly viewed as “important 
bases for economic coordination at the meso-level” (Asheim and Isaksen, 2002). Significant 
regional differences in terms of socio-economic development, prevailing industries, population, 
and scientific and technological potential imply different conditions for formation and 
functioning of regional innovation systems. 
 More specifically, regional innovation system approach is described by Tödtling and 
Trippl (2005) as an interactive process involving many actors such as firms, universities, research 
centers, financial institutions and governmental agencies. This is reflected in the figure below 
describing different subsystems of innovation system and interactions between them. Two key 
elements of RIS are knowledge generation and diffusion subsystem, which consists of public 
research institutes, technology mediating organization, and educational institutions, and 
knowledge application and exploitation subsystem comprised of firms, their clients, suppliers, 
competitors and industrial partners. In addition, policy subsystem reflects factors influencing 
creation and implementation of regional innovation policy. Ideally, there should be extensive 
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collaboration between and within different subsystems which is indicated by arrows on the 
figure.       
Figure 1: Elements of Regional Innovation Systems 
 
Source: Tödtling and Trippl, 2005 
 
 Regional innovation system approach has proven to be a useful tool for policy-making 
and has been widely used by international organizations like OECD, the European Union, 
UNCTAD, UNIDO, as well as by many governments in Europe. Among advantages of this 
approach are (i) focus on learning and knowledge creation rather than viewing technological 
change and innovation as exogenous factors; (ii) acknowledgment of path-dependency and thus 
arguing against existence of optimal or ideal systems of innovations; (iii) emphasis on 
interactions and links between system elements; (iv) inclusion of different types of innovation 
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(process and product, technological and non-technological) (for detailed discussion, see Edquist, 
2005). However, there still exists a degree of conceptual diffuseness around system of innovation 
approach. For instance, it is not always clear which aspects must be included in the system and 
which may be left out.  
 
2.2 Why to classify different types of RIS? 
 Given that innovation is important for all types of regions, it has been argued that there is 
a need for a fine-tuned innovation policy approach which allows addressing specific regional 
deficiencies and barriers to innovation. Creating a typology of regional innovation systems can 
serve this task by capturing conceptual variety and empirical evidence of differences in regional 
patterns of innovation. Asheim and Isaksen (2002) suggest that it is important to distinguish 
between different types of RIS for analytical clarity as well as for political reasons. Hence, 
representative taxonomy of regional innovation systems can serve as a useful tool for policy-
makers allowing for better design of regional innovation policies.  More formally, recent report 
by Higher School of Economics in Russia (2012) identifies several functions of typologies of 
regional innovation: 
 Management (typology can be useful for policy decision-making aimed at improving 
regional innovation systems) 
 Coordination (information tool used to increase efficiency of regional innovation policies) 
 Communication (typology can be used as a communication tool with regions – to inform 
regional authorities about functioning of RIS, to signal about potential need for 
improvement, and to encourage feedback) 
 Analytical (tool to analyze existing RIS) 
 Control (to check whether established goals are attained, to verify criteria, etc.) 
 Motivation (to encourage regional development) 
 
2.3 Which conceptual approach to use for classification of RIS? 
 Although there are plenty of ways to classify regional patterns of innovation (some of 
which are discussed in the literature review section), this paper aims at classifying Russian RIS in 
the light of particular theoretical framework – barriers to innovation. This argument is developed 
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based on the conceptual work of several European researchers - Isaksen (2001), Nauwelaers and 
Wintjes (2002), and Tödtling and Trippl (2005).   
 In conceptual work on innovation barriers, differentiation is usually made among three 
main deficiencies in regional innovation systems - “organizational thinness”, “lock-in”, and 
“fragmentation” (Figure 2). Tödtling and Trippl (2005) suggest that different types of regions are 
likely to face a predominant, though not exclusive, type of barriers. In particular, peripheral 
regions are more likely to suffer from organizational thinness, old industrial regions – from 
“lock-in” problems, and metropolitan regions – from fragmentation. Consequently, differentiated 
policy recommendations should be made based on investigated types of RIS failures and types of 
regions. 
Table 1: Types of Regional Innovation System Barriers 
RIS problems Type of problem Typical problem region Possible policy tools 
Organizational  
“thinness” 
Lack of relevant local 
actors 
 
Peripheral areas Link firms to external 
resources + acquisition 
Fragmentation  Lack of regional 
cooperation and mutual 
trust 
 
Some regional clusters Develop regional “club 
goods” and stimulate 
collaborative efforts 
Lock-in Regional industry 
specialized in outdated 
technologies 
Old industrial regions and 
raw material based 
periphery areas 
Open up networks toward 
external actors + local 
mobilization 
 
Source: Isaksen, 2001 
 Some regions may suffer from the lack of relevant RIS elements - such as sufficient 
number of firms and/or appropriate knowledge infrastructure (Isaksen, 2001).  Such regions that 
do not have dynamic clusters or relevant organizations to support regional innovation are 
characterized by “organizational thinness” (Tödtling and Trippl, 2005). This does not imply that 
innovative firms are absent in such type of regions, however the number of innovative firms is 
not sufficient to form a well-functioning cluster, and their focus is mainly on incremental and 
process innovations. With regards to knowledge generation and diffusion, highly specialized 
human capital is rare and science-industry cooperation is weak. As pointed out by Tödtling and 
Trippl (2005), low R&D levels in “thin” peripheral regions do not only deter innovative activity 
within the region, but also negatively affect absorptive capacity of local firms. Hence, knowledge 
transfers from outside the region or public innovation funds are often inefficient.    
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 In other regions, relevant elements may exist, but innovative activity of firms is still low 
due to innovation system being too closed and networks too rigid. This could be a result of path-
dependency which led to institutional, social, and cultural “lock-in” of business behavior 
(Isaksen, 2001). Such problem is common for regions with strong clustering and over-specialized 
industrial system with a focus on a declining industry. Predominant types of innovations in old-
industrial regions are incremental and process innovations. Although there is usually well 
developed knowledge generation and diffusion subsystem, it is oriented on mature declining 
industries and is better linked to large enterprises while often neglecting demands of SMEs 
(Tödtling and Trippl, 2005). In fact, “lock-in” barrier to innovation is a multidimensional 
problem which may involve functional lock-ins (too strong inter-firm links), cognitive lock-ins 
(homogeneity of world views), and political lock-ins (too strong ties between private and public 
organizations preventing industrial diversification) (Tödtling and Trippl, 2005).         
 Third type of innovation barriers, fragmentation, is common for regions characterized by 
the absence of dense local relations between actors. Often present in metropolitan areas, 
fragmented RIS have plentiful educational and scientific organizations, as well as numerous 
individual technological firms, yet dynamic innovative clusters are missing (Tödtling and Trippl, 
2005). This is due to lack of appropriate networks within and between RIS subsystems: industry 
and science tend to operate separately and innovative networking between firms is low.     
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3 LITERATURE REVIEW 
3.1 Existing RIS typologies – Europe  
 Navarro and Gibaja (2012) distinguish between two approaches used in developing RIS 
typologies - conceptual typologies based on case studies and typologies based on statistical 
analysis.  
 Existing conceptual typologies of RIS incorporated various theoretical frameworks of 
regional innovation. Doloreux (2002) identifies several types of conceptual typologies based on 
factors such as regional potential, level of regional integration, governance modes of technology 
transfer, connectedness, and regional barriers. 
 Arguing that different governance modes are capable of affecting technology transfer in 
diverse ways, Cooke (1992) defined three types of regional innovation systems: grassroots, 
network, and dirigiste. These are differentiated among five dimensions: primary source of 
initiative, primary source of funding, predominant competences, degree of coordination, and 
degree of specialization (Cooke, 1992). Consequently, as summarized by Doloreux (2002), 
“grassroots” can be defined as regions where “technology transfer is mainly organized and 
promoted at the local level in the governance structure and organization”; “network” regions are 
results of a multi-level governance of technology transfer, and “dirigiste” regions are products of 
central government policies.  
 While examining three regional clusters in Norway, Asheim and Isaksen (2002) 
differentiated regional innovation systems based on connectedness – the degree to which they are 
internally and externally integrated. This resulted in three main groups of RIS. First type, 
territorially embedded regional innovation network, is associated with localized learning 
processes enforced by geographical, social, and cultural proximities without significant 
interaction with knowledge organizations (Asheim and Isaksen, 2002). Second type, regional 
networked innovation systems, are viewed as ideal RIS type where a “regional cluster of firms is 
surrounded by a local supporting institutional infrastructure” (Asheim and Isaksen, 2002).  And 
finally, regionalized national innovation systems, differ from other two types because most 
innovative activity results from cooperation with actors outside the region and knowledge flow 
within the region is more linear than interactive.  
 Further, several European researchers [(Isaksen, 2001), (Nauwelaers and Wintjes, 2002) 
(Tödtling and Trippl, 2005)] developed another RIS typology based on the regional barriers to 
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innovation. This approach was chosen as a theoretical framework for developing typology of 
Russian regions and thus was discussed in detail in the theory section of this paper. To recall, 
differentiation is made among three main deficiencies in regional innovation systems - 
“organizational thinness”, “lock-in”, and “fragmentation” and corresponding types of regions - 
peripheral, old industrial and metropolitan regions respectively. 
 Recently, several empirical studies focused on statistical-analysis-based typologies of 
European regional innovation systems covering large number of regions. Navarro et al. (2009) 
selected twenty-one variables related to regional ability to generate and absorb knowledge, and 
its capacity to transform R&D into innovation and economic growth. Principal component and 
cluster analysis permitted authors to identify seven types of RIS. Further, based on this typology 
186 European regions were classified according to their sector specialization, technological and 
economic capacity, and performance. Another typology approach aimed at ranking European 
regions is continuously used by the European Commission and is reflected in annual “Regional 
Innovation Scoreboard” reports. Most recent report published in 2012 uses a set of 12 indicators 
and by the means of cluster analysis identifies four types of European regions – leaders, 
followers, moderate, and modest innovators. All indicators describing regional innovation 
systems are grouped into three distinct subsets: enablers, firm activities and output. First group, 
enablers, includes variables which are exogenous to the firm such as population with tertiary 
education and R&D expenditures in the public sector. Firm activities are reflected by firm 
investments (R&D investments by business sector, non-R&D innovation expenditures), linkages 
and entrepreneurship in the region (SMEs innovating in-house, innovative SMEs collaborating 
with others, public-private co-publications) and by intellectual assets (patent applications). 
Finally, output subset includes variables about innovators (SMEs introducing product or process, 
and marketing or organizational innovations) and economic effects (employment in knowledge-
intensive activities, sales of new to market and new to firm innovations).    
  
3.2 Existing RIS typologies – Russia 
 
 In recent years innovation has become one of the top-level policy goals set by the Russian 
government. The Strategy 2020 for innovation development aims to help Russia catch up with 
increasingly fast pace of technological advances of the global economy. One of the peculiarities 
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of Russia’s national innovation system is an enormous regional polarization due to significant 
regional differences in terms of socio-economic development, population, industrial 
infrastructure, and scientific and technological potential. Besides, different regions are associated 
with diverse regional business environments, competition regimes, availability and accessibility 
of innovation infrastructures and institutional frameworks. Certainly, this is partly due to 
different historical paths; nonetheless even in Siberia and Russia’s Far East some regions were 
relatively successful in developing regional innovation systems (Tomsk) while others lag behind. 
Because the concept of RIS is relatively recent to the economic literature, there have been very 
few attempts of investigating it in the Russian context. Developing a typology of Russian RIS 
could potentially serve as a starting point in building a comprehensive model of Russian regional 
innovation and regional economic development. It could also serve as a tool to produce regional 
policy recommendations which take into account region-specific characteristics.  
 First, it is worth discussing an article by Radosevic (2002) who looks in detail at the 
determinants of RIS in Central and Eastern Europe – a region that shares a common past with 
Russia. Radosevic (2002) provides an assessment of the impact of post-socialist transformation 
on the regional innovative capacity. After collapse of the Soviet Union, regional authorities 
continued to be agents of the central government – having little power over regional policies and 
insignificant budgets. In addition, regional divergence in unemployment and per capita incomes 
was intensified by economic transition, while effects of economic restructuring differed 
significantly depending on regional economic structure. Radosevic differentiates between three 
types of regions and concludes that economic growth in Central and Eastern Europe during post-
socialist transition period was concentrated in regions that belong to the first group – capitals and 
regions with diversified economy (2002). Third group which included monostructural regions 
was associated with large polarization in terms of economic recovery: some regions managed to 
diversify and grow, while others significantly lagged behind (Radosevic, 2002).   
 
 
 
 
 
 
Regions in Central and Eastern Europe 
[1] 
Capital towns and regional 
centers with a diversified 
economic structure and 
developed infrastructure 
[2] 
Regions with more diversified 
economic structure where 
lower industry share meant 
less initial structural problems 
[3*] 
Monostructural regions 
where a single-sector 
heritage makes endogenous 
restructuring very difficult 
*Type of regions which abound in Russia. Source: Radosevic, 2000. 
Figure 2: Types of Regions in Central and Eastern Europe 
15 
 
 There were several empirical studies which analyzed regional innovation in Russia using 
aggregate statistical data. In this section five major empirical studies about regional innovation 
systems in Russia are to be discussed in detail – study conducted by North-West center (2009), 
work by Vladimir Kiselev titled “ Comparative innovation analysis of the regions of the Russian 
Federation”(2010), an article titled “Comparative analysis of innovation development of the 
regions of Russia” by Volkova and Romanyk (2011), study administered by Russian Ministry of 
Education and Association of Innovative Regions of Russia (AIRR) titled “System of 
measurement and monitoring innovative activity in Russian regions” (2012), and recently 
published ranking of the subjects of Russian Federation by innovative development done by 
Higher School of Economics (2012).  
 Analysis of regional innovation in Russia was conducted by the Center for Strategic 
Research “North-West". Developed index of innovativeness was based on regional scores on 
various indicators, including human capital resources, creation of new knowledge, passing and 
application of new knowledge, and launch of innovative products to market (Ministry of 
Education and Science of the Russian Federation, 2009). According to such methodology, all 
regions in Russia were divided by the index of innovativeness into six groups. Leading group #1 
which concentrates human resources and most successfully implements a market stage of 
innovations is titled “metropolises" and includes, as expected, cities of Moscow and Saint 
Petersburg. Group # 2, “regions ready for innovation” consists of innovative potential leaders 
which fall behind the first group on the characteristics of human potential. Group # 3 refers to 
“regions with unrealized intellectual potential” due to inefficient use of high quality human 
resources. Group #4 is associated with “medium level innovative potential”, because it includes 
regions producing large amount of innovative products but lacking specialists to create new 
knowledge. Group #5 includes regions which fall behind on all indicators, and the education 
system and the industrial base do not allow them to move to the next level. Finally, regions-
outsiders in all respects belong to Group #6. Researchers of the “North-West” center argued that 
statistical data on innovative activities in many Russian regions is not being collected regularly or 
is not reliable. Therefore, regional scientific and technological potential, as well as other 
indicators were instead assessed by a group of experts. Consequently, such innovation index 
should be regarded as a subjective assessment of the ability of regions to innovate rather than a 
measure of an actual innovation process. 
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 Kiselev conducted detailed comparative innovation analysis of regions of the Russian 
Federation in 2010. Some findings of his work were reflected in the OECD report titled 
“Comparative innovation analysis of the regions of the Russian Federation” (Kiselev, 2010). He 
argued that currently innovation analysis of Russian regions is of interest to many researchers and 
authorities because several innovation programs and strategies have been implemented on the 
regional level during the last decade. Kiselev used data from 2008 official statistical survey and 
compared Russian regions based on the Regional Summary Innovation Index –RSII (Kiselev, 
2010). He was able to rank all regions according to innovation index and to distinguish four 
clusters of leading regions: by innovation potential, innovation climate, efficiency of innovation 
activities and efficiency of the use of innovation potential. Table below represents indicators used 
by Kiselev in assessing innovation activity level of Russian regions.  
 
Table 2: System of Indicators, Regional Summary Innovation Index– Kiselev 2010 
 
Source: Kiselev, 2010 
 Another comprehensive analysis of RIS in Russia was conducted by Russian researchers 
Volkova and Romanyk (2011). What is interesting about their work is that in addition to 
identifying groups of regions based on cluster analysis, they investigated whether defined groups 
were associated with predominant types of industries. For instance, authors found that the least 
developed cluster of regions has the largest share of agriculture and transport industries when 
I. Innovation Potential 
•Population with tertiary education  
per 100 employed population 
•Employment in knowledge-intensive 
services (communication, ICT, R&D) 
(%  of employed population) 
•Regional business R&D expenditures 
(RBERD) as a percentage of total R&D  
expenditure in the region 
•Regional business expenditure for 
technological innovation as a 
percentage of total regional 
expenditure fortechnological 
innovation 
•Organisationsin communications and 
R&D sectors as a percentage of all 
firms 
II. Innovation Climate 
•Innovation infrastructure 
organizations as a percentage of all 
firms of the region  
•Technological innovations 
expenditures from all sources except 
federal budget  allocation as a 
percentage of gross regional product 
(GRP)  
•Firms that had cooperation relations 
for technological, marketing and 
organizational innovations as a 
percentage of all innovative firms 
•Expenditures on ICT as a percentage 
of gross regional product (GRP) 
III. Innovation Activities Output 
•Number of created advanced 
production technologies per 10 000 
regional  employment 
•Number of patent applications for 
inventions and useful models per 1 
million regional employment 
•Firms that had technological, 
marketing and organizational 
innovations as a percentage of all 
firms of the region 
•R&D expenditures as a percentage of 
total volume of delivered goods and  
services  
•Innovative goods and services as a 
percentage of total volume of 
delivered  goods and services 
•Exported innovative goods and 
services as a percentage of total 
volume of delivered goods and 
services 
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compared to other groups. Using aggregate data for 2005-2009 they differentiated between four 
“clusters” of regions: innovative regions of European part of Russia, innovative regions in 
Siberia, mining regions, and lagging regions (Volkova and Romanyk, 2011). In addition, they 
discussed the dynamics of regional innovation by looking at how regional indices changed 
overtime.   
 Further approach to innovation analysis of Russian regions was undertaken by 
Association of Innovative Regions of Russia [AIRR] in cooperation with Russian Ministry of 
Education. AIRR was established in 2010 by the founding regions: Tomskaya oblast, the 
Republic of Tatarstan, the Novosibirsk oblast, the Republic of Mordovia, the Perm krai, the 
Krasnoyarsk krai, the Kaluga oblast and the Irkutsk oblast. This initiative is viewed as highly 
valuable because it is expected to facilitate exchange of experience among regional policy 
makers. This would develop a learning process that could be beneficial for federal authorities, 
and could contribute to a better understanding of the different regional development dynamics 
and their policy implications (OECD). AIRR is responsible for monitoring innovative 
development of its member regions. This is done through constructing an aggregated innovation 
index similar to that of the European Innovation Scoreboard. Factors such as “region’s potential 
to create innovation”, “potential to commercialize innovation”, and “effectiveness of innovation 
policy” are included in the composite index. As reflected in the structure of index, following are 
examples of measures which were used in the AIRR’s statistical analysis: 
 
Table 3: System of Indicators, AIRR 
Potential to create innovation 
(weight 20%)
1
: 
Potential to commercialize 
innovation (weight 30%): 
Effectiveness of innovation policy 
(weight 50%): 
 Number of students in 
higher education 
institutions per 10 000  
 Number of researchers per 
10 000  
 Number of international 
patent applications 
 Number of property rights 
awarded 
 Index of citations of 
Russian researchers 
 % of firms engaging in 
technological, 
organizational, or market 
innovations  
 % of innovative products 
and services in total sales 
 R&D expenditure (% of 
regional GDP) 
 private R&D expenditures 
(% of total R&D) 
 Number of innovative 
projects in the region 
 Funds dedicated to 
innovation development (% 
of total funds for regional 
development) 
  high-tech products and 
services as % of total sales 
 Growth rate in number of 
SME’s 
Source: Association of Innovative Regions of Russia, 2011 
                                                          
1 Percentage weights refer to the construction of aggregate index by Association of Innovative Regions of Russia. 
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 Finally, one of the top Universities in Russia - Higher School of Economics – also 
conducts yearly empirical research on innovation and publishes annual data book titled 
“Indicators of Innovation in the Russian Federation”2 which has a section for “Innovative 
activities in the regions of the Russian Federations”. Besides, it has recently published its own 
ranking of regions of Russian Federation by innovative development (2012). Analysis is based on 
35 indicators reflecting the development of regional innovation systems in Russia in two periods 
- 2008 and 2010. All variables were grouped into four categories - socio-economic conditions, 
science and technology potential, innovative activity and regional policy. As a result, all regions 
were grouped into four clusters based on the scores of regional innovation index and hence, best 
and worst performers were identified.  
 To conclude, most empirical work which dealt with comparing RIS in Russia resulted in 
classification of Russian regions based on their innovative performance, i.e. studies were able to 
categorize leading and lagging regions in terms of innovation activities. However, the goal of this 
paper is to go beyond identifying best and worst performing innovative regions in Russia. The 
aim is to create a typology of regions based on two theoretical frameworks – regional innovation 
systems and barriers to innovation. Such conceptual differentiation among Russian RIS could be 
a valuable contribution to developing a more comprehensive picture of regional innovation in 
Russia. It is an attempt to create more specialized typology of regions and to develop more “fine-
tuned” policy recommendations.  
  
                                                          
2
 The data book includes information of the Federal Service for State Statistics, Organisation for Economic Co-operation and 
Development, European Commission, Eurostat, national  statistical agencies, and results of own methodological and analytical 
studies of the HSE Institute for Statistical Studies and Economics of Knowledge. 
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4 DATA  
4.1 System of indicators 
Building an appropriate system of indicators was one of the most important steps in the 
empirical analysis. Variables for quantitative investigation were chosen in order to address 
specified research question. The goal of the paper is to develop a typology of Russian regions 
based on the theory of regional innovation systems with a focus on the barriers to innovation. 
Hence, to achieve this goal on the empirical level, selected variables need to reflect three major 
aspects: 
I. performance of different subsystems of RIS (namely knowledge generation and diffusion, 
knowledge application and exploitation, and policy subsystems) 
II. interactions within and between subsystems 
III. potential barriers to innovation   
Data was collected for all 83 regions of Russia and covered three-year period 2009-2011. 
Main sources for statistical data included: Russian Federal State Statistics Service, Higher School 
of Economics Data books, and National center for monitoring of innovation infrastructure and 
regional innovation systems. First, using previous empirical work on RIS typologies as guidance 
and relying on the availability of data for Russian regions, numerous indicators were chosen to 
reflect aspects of regional innovation system listed above. Further, all indicators were assigned 
into three distinct blocks as is done in the Innovation Union Scoreboard (and consequently in 
Regional Innovation Scoreboard) – Enablers, Firm Activities, and Outputs. Each block consists 
of several innovation dimensions (Block 1 - human resources, research system, finance and 
support; block 2 – firm investments, linkages, intellectual assets; block 3 – innovators and 
economic effects). Additional block was created to reflect socio-economic development of 
regions and corresponding potential barriers to innovation. Variables population density, industry 
concentration measure, and percentage of urban population were chosen to reflect three potential 
types of RIS – peripheral regions with potentially dominant barrier “organizational thinness”, old 
industrial areas with possible “lock-in” problems, and potentially fragmented metropolitan 
regions. Table 2 presents the structure of the created dataset. It is worth noting that because 
regions in Russia differ greatly based on territory and population size, some variables had to be 
transformed into comparable forms using methods from previous related studies (European 
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Regional Innovation Scoreboard in particular). Such methods included computing values of some 
indicators per 10 000 population or per million population. 
Certainly, it should be acknowledged that measuring RIS using such system of indicators 
only provides a narrow science and technology (S&T) driven view on innovation process. In 
practice, however, innovation process is a broader concept and includes so-called DUI modes of 
innovation – “learning which takes place through doing, using, and interacting within and 
between organizations” (Isaksen, 2012). This implies that in reality knowledge is often found 
outside of R&D departments and universities, but can arise, for instance, from experiences and 
competences acquired by workers “on-the- job” as they face new challenges and find ways to 
address them (Isaksen, 2012). Clearly, such learning process is not reflected by indicators in the 
dataset. Nonetheless, measures similar to the ones in the dataset are still being used by 
international agencies and governmental organizations to assess innovative performance of 
regions. Besides, currently, Russian official statistics does not provide indicators capable of 
capturing a broader definition of innovation.    
Table 4: Strengths and Weaknesses of the Dataset 
Strengths of data Weaknesses of data 
 Large scope of variables 
 RIS elements and innovation barriers 
reflected 
 Detailed analysis of each indicator and 
rationale  
 Created citation index variable 
 Block 4 allows to test whether 
identified types of regions are 
characterized by certain types of 
systemic failures  
 Spatial dimension of links and 
cooperation is not possible to identify 
(whether cooperation takes place on the 
regional, national, or international 
levels) 
 Some variable are assumed to be 
invariant overtime (due to absence of 
data) 
 Questionable quality of innovation 
output data 
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Table 5: Regional Innovation Systems in Russian Federation – System of Indicators 
ENABLERS 
Human resources 
1.1.1 Number of students in tertiary and higher education per 10 000 population 
1.1.2 Number of PhD students per 10 000 population 
1.1.3 Labor force with tertiary and higher education, % 
Research system 
1.2.1 Number of researchers per 10 000 population  
1.2.3 
Number of citations per scientific publication in the region, according to Russian Science 
Citation Index 
Finance and support 
1.3.1 Share of federal budget funds in total regional expenditures on R&D, %  
FIRM ACTIVITIES 
Firm investments 
2.1.1 Share of funds by business sector organizations in total regional expenditures on R&D, % 
  Linkages 
2.2.1 
Enterprises engaged in cooperative research and development projects as a per cent of total 
innovative enterprises  
2.2.2 Number of Innovation Infrastructure elements per 10 000 population 
  Intellectual assets 
2.3.1 Patent applications to RosPatent (inventions and models) per million population  
  OUTPUTS 
Innovators 
3.1.1 Enterprises engaged in technological innovation as a per cent of enterprises total 
3.1.2 
Enterprises engaged in marketing and organizational innovation as a per cent of 
enterprises total 
Economic effects 
3.2.1 
Share of innovative products and services in the total volume of shipped goods, and 
services in enterprises of industrial sector 
3.2.2 
Share of innovative products and services in the total volume of shipped goods and 
services in enterprises of service sector 
SOCIO-ECONOMIC CONDITIONS 
4.1.1 Industry concentration measure 
4.1.2 Population density 
4.1.3 Urban population, % 
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4.2 Description of variables  
 
4.2.1 Block “ENABLERS”  
This block of variables consists of main drivers of innovation performance which are external 
to the firm. First dimension “Human resources” measures the availability of a high-skilled and 
educated workforce in the region and is reflected by three indicators - Number of students in 
tertiary and higher education per 10 000 of population, number of PhD students per 10 000 of 
population, and labor force with tertiary and higher education (%).  
Number of students in tertiary and higher education per 10 000 of population reflects the 
process of human capital creation which is necessary for regional innovation development. 
Indicator was calculated using the data from official national statistics office dataset titled 
“Regions of Russia - Socio-economic indicators - 2012”. It is obtained by summing the number 
of students in secondary vocational and higher education institutions per 10 000 population. 
Number of PhD students is a more specialized measure of human capital creation process. It is 
more directly linked with region’s potential to create new knowledge. Because higher education 
system in Russia is different from European standards, its structure is presented in the Figure 3 
below. Russian Postgraduate education consists of two degrees – Kandidat Nauk (Candidate of 
Science, 3 years) and Doktor Nauk (Doctor of Science, at least 3 but can take up to 15 years to 
complete). Doctor of Science degree is very uncommon in Russia – in 2011 there were only 382 
persons who defended their thesis and received Doktor Nauk (Doctor of Science) degree 
nationwide. Hence, to create an indicator which would be compatible with a European definition 
of a PhD, number of students in Aspirantura (Candidate degree) was summed with the number of 
students in Doktorantura (Doctoral degree). It was obtained from Rosstat’s databook “Regions of 
Russia - Socio-economic indicators - 2012”. Finally, labor force with tertiary and higher 
education reflects the quality of regional labor force. While first two indicators aim at describing 
knowledge generation subsystem, this indicator shows how education potential is reflected in the 
real economy. Data for this indicator was obtained from Rosstat’s “Household Employment 
Survey”. 
    Three indicators representing regional human resources are plotted in the figure below 
highlighting three highest values for each indicator. It can be observed that Moscow, Saint 
Petersburg and Tomskaya oblast are leaders in terms of human resource potential. Also, there 
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appears to be homogeneity of values over three-year period with an exception of labor force 
indicator for Ingushetia region: it dropped significantly from in 2010 (from 39.8% to 27.8%).  
Figure 3: Structure of Russian Higher Education System 
 
Source: Quality Handbook of Higher Education in Finland and Russia (2009) 
 
Figure 4: Dimension "Human Resources" of ENABLERS block
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Source: Author’s calculations on Rosstat’s Data from “Regions of Russia - Socio-economic 
indicators - 2012” and “Household Employment Survey”. 
 
Second dimension of ENABLERS block, “Research systems” measures the development of 
regional scientific base and includes two variables Number of researchers per 10 000 of 
population and Number of citations per scientific publication in the region, according to Russian 
Science Citation Index. First indicator of number of researchers is a standard measure of 
innovation potential of the region. It is obtained from Rosstat which defines researchers as 
“employees who are professionally engaged in research and development, and are directly 
involved in the creation of new knowledge, products, processes and systems, and in management 
of these activities; researchers typically have completed higher professional education” (Rosstat, 
Methodological notes).  
Second indicator – number of scientific publications - was calculated using “Comparison of 
bibliometric indicators of organizations” tool available on the Russian Science Index website. 
Based on the registry of the bibliometric sources, information was obtained about the number of 
scientific organizations in the region as well as the number of publications and citations for each 
organization. Consequently, citation index for region i was computed by dividing the number of 
citations in all regional organizations n by the total number of publications by these 
organizations. Hence, citation index can be interpreted as the number of citations for every 
scientific article published in organizations of the region. As a result, it reflects publication 
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activity of regional scientists (number of publications) as well as the quality of publications 
(number of citations). Unfortunately, only cumulative data is available for years 2007-2011, 
which does not allow tracking changes in publication activity overtime.    
                
             
    
        
                
 
      
 
Due to word and space limitations, graphical representation of “Research system” dimension 
and all subsequent dimensions are offered in the Appendix along with explanatory notes.   
Third dimension - “Finance and support” - measures the availability of finance for 
innovation projects and governmental support for research and innovation activities. It is 
measured by an indicator “share of federal budget funds in total regional firms’ expenditures on 
R&D (%)”. It reflects how well research and development activities in the region are supported 
by the national government. Center for Research and Statistics of Science (CISN) differentiates 
between several sources through which firms finance their R&D activities. Figure 5 illustrates 
percentages of different funding sources in firms’ total R&D expenditures for Russian 
Federation.        
Figure 5: Funding of Firms' R&D Expenditures, total for Russian Federation (2010) 
   
Source: Center for Research and Statistics of Science (CISN) (2010) 
 More than half expenditures on R&D are financed through national government, hence it 
was chosen as an indicator to measure governmental support for research and development 
activities. It was calculated as a ratio of the monetary value of Federal Government funds in 
Regional R&D expenditures to regional GDP. Such calculation was done in order to deal with 
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extreme disparity of absolute values of governmental funding in different regions. For 
instance, in 2010 city of Moscow received from National Government over 132 000 times 
more funding than the least favored region of Ingushetiya (117 billion rubles against 883 
thousand rubles). Unfortunately, data for sources of R&D financing is only available for 2010 
(Center for Research and Statistics of Science (CISN))
3
. 
 
4.2.2 Block “FIRM ACTIVITIES” 
 Second block of indicators captures innovation efforts at the level of the firm. In previous 
section, internal firms’ R&D expenditures were presented by funding sources. Dominant role of 
national government in financing R&D activities is a special feature of Russian national 
innovation system. Indeed, low R&D investment by private business organizations is a 
consequence of planned economy and is common for all post-soviet economies (Volkova and 
Romanyk, 2011). “Firm investments” indicator aims at reflecting efforts of firms to generate 
innovations. It measures internal expenditures on R&D by business sector organizations in total 
regional expenditures on R&D. It is calculated by summing two R&D funding sources from the 
figure above – own funds and funds of business sector organizations, and then dividing the sum 
by total regional R&D expenditures. Hence, this indicator shows how much of total R&D 
expenditures in the region come from within the firm, in particular firms of business sector. It is 
worth noting that similarly to previous indicator of governmental support for innovation, firm 
investments variable describes a narrow view of innovation process measured by R&D 
expenditures. Although in practice the definition of innovation is a much broader concept, such 
indicators are still being widely used for statistical analysis. Yet, it is important to keep in mind 
limitations of such indicators when interpreting empirical findings of cluster analysis.      
 Second dimension “Linkages” measures collaboration efforts among innovating firms 
and other players involved in innovation process. First indicator to assess the development of 
linkages between firms is titled “Enterprises engaged in cooperative research and development 
projects as a per cent of total innovative enterprises”. Data for this variable was obtained from 
printed source – data book of Russia’s Higher School of Economics titled “Indicators of 
                                                          
3
 An official inquiry was made to the Center for Research and Statistics of Science (CISN) to obtain data for years 
2009 and 2011 but was refused due to “Center’s policy not to reveal data which hasn’t been officially published on 
its web-site”. 
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Innovation in the Russian Federation”4. It indicates the share of all innovative enterprises which 
were engaged in cooperative research and development projects during the census year. 
Unfortunately, this information is only available for enterprises from following sectors: mining 
and quarrying, manufacturing, electricity, gas and water supply
5
. It is also important to keep in 
mind that available data does not allow to determine spatial dimension of cooperation between 
firms for all regions. Hence, it is not possible to identify which share of cooperative projects was 
undertaken on the regional, national, or international levels.   
  Secondly, to evaluate linkages between firms and other elements of regional innovation 
system a proxy variable was constructed. Range of elements of existing regional innovation 
infrastructures served as a proxy of how well RIS subsystems can be linked to each other. First, 
functions of all elements of innovation infrastructure were analyzed and relevant components 
were selected based on whether their functions involve establishment and support of linkages 
between and within RIS subsystems. Consequently, the number of each type of infrastructure was 
obtained for each region from the National Monitoring Center for Innovation Infrastructure and 
Regional Innovation Systems
6
 (in parentheses functions that encourage links between RIS 
elements are described): 
 Technology transfer center (cooperation between science sector and industry) 
 Business Incubator (cooperation between SME’s, other regional enterprises, 
research institutes and universities, investors, and government) 
 innovation-industrial complex (integration between small innovative small 
innovative firms and large industrial enterprises) 
 Innovation and Technology Centre (linking innovative enterprises to research and 
development facilities) 
 Technology Cluster (complex relationships between all RIS actors) 
 Technopark (networks and linkages between firms, science, financial and 
governmental sectors) 
                                                          
4
 The data book includes information of the Federal Service for State Statistics, Organisation for Economic Co-
operation and Development, European Commission, Eurostat, national  statistical agencies, and results of own 
methodological and analytical studies of the HSE Institute for Statistical Studies and Economics of Knowledge. 
5
 It was also possible to obtain data for ICT and communications sectors, but it contained too many missing points 
which would significantly complicate imputation of missing data procedure for cluster analysis. Therefore, the 
decision was made to rely on the mining, quarrying, manufacturing, electricity, gas and water supply indicator, 
especially given that these industries together comprise the largest share of Russian economy. 
6
 http://www.miiris.ru/infrastruct/view_organizations.php?mplevel=22000&pplevel=2 
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 Further, all values were summed to create an indicator of total number of infrastructure 
elements which are likely to improve linkages between RIS subsystems. To make an indicator 
comparable across regions, total number of relevant infrastructure elements in the region were 
calculated per 10 000 population. Again, this indicator should be interpreted with caution, 
because it does not directly measure the extent of linkages between firms and other elements of 
RIS, but rather suggests the potential and necessary preconditions for the development of links 
based on the available innovation infrastructure. In fact, one of the systemic failures reflected in 
the “fragmentation” innovation barrier common for some metropolitan regions, implies that even 
in the presence of many infrastructure elements, links within and between RIS subsystems could 
be poorly developed.     
  Last dimension of firm activities block is “intellectual assets” which captures Intellectual 
Property Rights (IPR) generated as a throughput in the innovation process. It is a standard 
indicator, measured by the number of patent applications which include inventions and models 
per million of regional population. Data was obtained from Rosstat.  
 
4.2.3 Block “OUTPUT” 
 This block captures the effects of firms’ innovation activities. “Innovators” dimension 
measures the number of firms that have introduced innovations onto the market or within their 
organizations, covering both technological and non-technological innovations. It is traditionally 
measured by following indicators: enterprises engaged in technological innovation as a per cent 
of enterprises total, and enterprises engaged in marketing and organizational innovation as a per 
cent of enterprises total. Data for these indicators was obtained from Rosstat. The quality of 
available data about innovative firms in Russian regions raises some doubts. In particular, it is 
worth investigating why certain regions have very large number of innovative firms while their 
performance in ENABLERS and FIRMS ACTIVITIES blocks was average or below average 
(e.g. in Magadanskaya oblast every third enterprise was engaged in innovative activity). 
Definitions of technological, marketing, and organizational innovation according to Rosstat’s 
methodological notes are presented in the table below.  
Table 6: Definitions of Types of Innovation, Rosstat 
Technological innovation Marketing innovation Organizational innovation 
organization's activities related implementation of new or implementation of new 
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to the development and 
implementation of: 
 Technologically new 
products and processes, as 
well as significant 
technological 
improvements in products 
and processes; 
 Technological 
improvements in products 
and processes; 
 Technologically new or 
significantly improved 
services; 
 New or significantly 
improved production 
methods of services. 
significantly improved 
marketing methods including: 
 Covering significant 
changes in the design and 
packaging of products,  
 Use of new methods of 
sales and presentation 
products (services), their 
presentation and 
promotion to the markets, 
the formation of new 
pricing strategies. 
 Aim to better address the 
needs of consumers, create 
new markets, and expand 
consumer products and 
services in order to 
increase sales. 
methods of conducting 
business, organizing 
operations or external 
relations: 
 Aimed at improving 
efficiency of the 
organization by reducing 
administrative and 
transaction costs, 
improving employee 
satisfaction, thereby 
increasing productivity. 
 The organization does not 
necessarily have to be the 
first to implement 
organizational innovation 
(it could be developed in 
another organization). 
Source: Rosstat, Methodological notes 
 Second output dimension - “Economic effects” captures economic success of innovation 
activities. It is measured by two indicators: share of innovative products and services in the total 
volume of shipped goods, and services in enterprises of industrial sector and share of innovative 
products and services in the total volume of shipped goods and services in enterprises of service 
sector. Similarly to the previous section, shares of innovative products in the industrial sector 
appear to be the largest in least developed regions. For instance, according to Rosstat’ official 
statistics, every second product or service produced in enterprises of industrial sector in 
Sakhalinskaya region was innovative and about 1/3 of all products and services in Karachaevo-
Cherkesskaya and Zabaykalskiy regions were considered innovative. This raises some doubts 
about reliability of this official data. Unfortunately, there are no alternative statistical sources that 
provide regional data on innovative activity of organizations.  
   
4.2.4 Block “SOCIO-ECONOMIC CONDITIONS” 
 Finally, last block of indicators contains data about socio-economic characteristics of 
regions in Russia. Additional aim of this block is to differentiate among different types of regions 
and potentially related types of innovation barriers. Hence, following variables were selected:  
population density, industry concentration measure, and percentage of urban population. First 
variable, population density was chosen to reflect “peripheral” type of RIS. Second variable, 
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industry concentration measure was selected to reflect “old industrial areas” RIS type. It was 
computed as a share of largest industry in regional GDP, and was meat to measure how 
diversified the region is, i.e. the larger the number for this indicator - the more “monostructural” 
is the region. Obtained values varied from 15.2 to 77.4%.  Lastly, percentage of urban population 
was included to reflect the last RIS type - metropolitan regions.  
This block of indicators allows to test whether identified types of regions are 
characterized by certain types of systemic failures identified by Tödtling and Trippl (2005). In 
particular, it is possible to examine whether Russian peripheral regions are related to the 
innovation barrier “organizational thinness”, industrial areas to potential “lock-in” problems and 
metropolitan areas to “fragmentation”.  
To conclude the discussion about the system of indicators, descriptive statistics for each 
variable are presented below (2009). 
Table 7: Descriptive Statistics of Data 
Variable Obs Mean Std. Dev. Min Max 
Number of students in tertiary and higher 
education per 10 000 population 83 592.5477 163.7739 91 1231 
PhD students for 10 000 population 83 7.765582 5.809718 0 40.3286 
Labor force with higher education, % 83 24.77583 5.314244 15.2287 48.0981 
Number of researchers per  10 000 
population  83 13.26823 18.29612 0.0573 116.4743 
Number of citations per scientific 
publication 83 0.414382 0.648499 0 5.4142 
Federal budget funds in regional R&D 
expenditures as a % of regional GDP 83 0.43016 0.528142 0.0001 2.7971 
Share of funds of business sector 
organizations in total regional 
expenditures on R&D, % 83 14.31928 14.35307 0 66.2 
Enterprises engaged in cooperative 
research and development projects %  83 0.349252 0.138453 0.067 0.75 
Number of total innovation infrastructure 
elements per 10 000 population 83 0.035254 0.031107 0 0.2017 
Patent applications per million 
population (inventions and models) 83 156.5394 149.1554 0 982.25 
31 
 
Enterprises engaged in technological 
innovation as a per cent of enterprises 
total 83 7.593149 3.990049 1.1 27.3 
Enterprises engaged in marketing and 
organizational innovation as a per cent of 
enterprises total  83 5.219277 3.009759 0 19.2 
Share of innovative products and services 
in the total volume of shipped goods, and 
services in enterprises of industrial sector 83 4.131073 4.506554 0 20.9159 
Share of innovative products and services 
in the total volume of shipped goods and 
services in enterprises of service sector 83 4.209723 6.400292 0 34.0902 
Population Density  83 128.3628 648.0841 0.07 4770.82 
Industry Concentration  83 28.33976 11.96777 14 74.9 
Urban Population Share 83 69.49398 13.38588 27.6 100 
Source: Author’s calculations on created set of indicators (refer to Table 5). 
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5 EMPIRICAL STRATEGY  
 
 Based on Milligan (1996) and Everitt at al. (2011) major steps to be carried out in typical 
cluster analysis were identified as follows:  
1. Dealing with missing values 
2. Variable standardization 
3. Choosing proximity measures and clustering methods 
4. Deciding on the number of “true” clusters 
5. Robustness testing7 
 This section follows proposed strategy and identifies empirical work undertaken at each 
step. 
5.1 Missing values 
 After compiling the dataset, the problem of missing data for some indicators had to be 
addressed. First of all, those indicators that were available only for one year
8
 were assumed to be 
unchanged from 2009-2011. Secondly, if value of particular indicator x was missing for region i 
in year t, this region’s value for x indicator in year t-1 was used to predict the missing point. 
Finally, if values were missing for the entire period of the analysis
9
, regression imputation 
procedure was used. For a variable with missing value   , replacement values were estimated by 
treating this indicator as a dependent variable, and using the remaining variables (           ) 
as explanatory in OLS Regression Model. The obtained predicted value replaced the missing 
value: 
                             
 
 
                                                          
7
 In Milligan (1996) this step is referred to as “Replication and testing” but is changed for the purpose of current 
analysis.  
8
 Static indicators were socio-economic conditions, innovation infrastructure indicator, government and business 
funds in regional R&D expenditures, and citation index. 
9
 Four indicators suffered from such “missing points” problem:  number of students in tertiary and higher education 
per 10 000 population (1.2% missing), enterprises engaged in cooperative research and development projects % 
(9.6% missing), enterprises engaged in technological innovation as a per cent of enterprises total (2.41 % missing), 
share of innovative products and services in the total volume of shipped goods, and services in enterprises of 
industrial sector (2.4% missing). 
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5.2 Standardization 
To avoid the problem of dependence on the choice of measurement units, it is possible to 
standardize variables in the system of indicators. Standardizing the data is done by converting the 
original measurements to unitless variables (Kaufman and Rousseeuw, 1991). To achieve that, 
first mean value of variable n is calculated: 
   
 
 
               
for each n      . Then, measure of dispersion of this nth variable is computed using standard 
deviation: 
      
 
   
                                    
Then, standardized measurements are defined as: 
    
      
    
 
 By construction,     have mean value zero and their mean absolute deviation is equal to 1. 
To confirm this, descriptive statistics of standardized variables are presented in the appendix.  
 
5.3 Cluster Analysis and Stopping Rules  
 
 To identify regions with similar innovation systems cluster analysis technique is used. 
There are two main methods for cluster analysis: hierarchical cluster analysis and non-
hierarchical cluster analysis. Following the methodology of “Regional Innovation Scoreboard 
2012”, two methods could be used in combination.  
 Agglomerative hierarchical method assumes that every observed case in the dataset is a 
cluster by itself. Then, it is hierarchically merged with other most similar cases to produce a 
smaller and smaller number of clusters as the algorithm proceeds (Scoreboard, 2012, 
Methodology report). Several agglomerative hierarchical methods exist depending on the 
definition of the distance between clusters. One of the most commonly used methods was 
introduced by Ward (1963).  According to Ward’s method, dissimilarity between clusters is 
assessed based on the information that would be lost by merging them. At every merger, error-
sum-of-squares measures the amount of information lost due to this merger. Consequently, the 
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objective at each stage is to minimize the increase in the total within-cluster error sum of squares, 
E, defined as 
 
     
 
   
 
where 
 
                 
 
  
   
  
   
 
 
where       
 
          
  
    [the mean of the mth cluster for the kth variable], and       is 
the score on the kth variable           for the lth object            in the mth cluster 
         .  
 
 This increase in E is proportional to the squared Euclidean distance
10
 between the 
centroids
11
 of the merged clusters, which are weighted by              when computing 
distance between centroids, where    and   are the numbers of objects in the two clusters m and 
q.  
  Ultimately, agglomerative hierarchical clustering technique will reduce the data to a 
single cluster containing all regions. Hence, it is necessary to determine an “optimal” number of 
clusters in order to command the algorithm at which stage to stop. Ward’s method allows 
recognizing the “true” number of clusters which exist in the data through identification of a point 
at which “error-sum-of-squares” jumps dramatically, i.e. the point when two very dissimilar 
clusters were merged into one. Two formal stopping rules can be used to determine the final 
number of clusters - the Calinski and Harabasz pseudo-F index and the Duda–Hart Je(2)/Je(1) 
index. For both rules, larger values of test-statistics indicate more distinct clustering.  
                                                          
10
 Euclidean distance is the most commonly used distance measure of dissimilarity of data. Detailed mathematical 
explanation is presented in the Appendix.  
11
 Centroids are the group means for the variable values which are used instead of individual measures to construct 
inter-group dissimilarity measures.   
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 One of the disadvantages of the hierarchical clustering method is that it can be 
characterized as static because divisions or fusions, once made, are irrevocable: after algorithm 
has joined two cases, they cannot be consequently separated; similarly, if algorithm conducted a 
split of cases, it cannot be undone (Everitt et al., 2011). This problem can be addressed by 
implementing non-hierarchical k-means clustering technique.  
 Having obtained an indicator of “true” number of clusters in the dataset, a non-
hierarchical (k-means) method could be used which requires specification of desired number of 
clusters in advance.  It is sometimes considered more accurate than hierarchical clustering 
because it permits “cases to move between clusters iteratively until a best-fit is found” 
(Scoreboard, 2012, Methodology report). Here, clusters are formed by assigning the case to the 
cluster with the nearest mean, and the process stops when all clusters are stable – when no case 
would be closer to the mean if it was moved to another cluster.  
 It can be shown that K-means algorithm is, under some regularity conditions, equivalent 
to minimizing trace (W) when  Euclidean distances are used to define proximity (Everitt et al., 
2011). To minimize trace (W) in the multivariate case implies minimizing the sum of the within-
group sums of squares over all variables. This is the same as minimizing the sum of the squared 
Euclidean distances between individuals and their group means: 
 
               
 
  
   
           
 
   
       
 
  
   
 
   
 
 
where      is the Euclidean distance between the lth individual in the mth group and the mean 
of the mth group.  
 
5.4 Robustness Checks 
 Finally, several robustness tests must be carried out to test reliability of the obtained 
results. First, different cluster methods are examined. Clusters resulting from hierarchical cluster 
analysis (Ward’s method) are compared to those from non-hierarchical k-mean method. 
Additionally, the issue of standardizing the data is explored to test whether leaving original data 
without transformation would influence clustering results.  
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6 RESULTS 
 
6.1 Cluster Analysis Results 
Results of data imputation procedure are presented in the Appendix. Overall, 1.2% of data 
was imputed for variable “number of students in tertiary and higher education per 10 000 
population”, 9.6% for indicator of enterprises engaged in cooperative research and development 
projects, and 2.4 % for two remaining variables with missing data: enterprises engaged in 
technological innovation as a per cent of enterprises total and share of innovative products and 
services in the total volume of shipped goods and services in enterprises of industrial sector.  
After conducting all required transformations of data (imputing missing values and 
standardizing variables), two clustering methods were implemented to identify groups of regions 
based on developed system of indicators. Analysis was conducted year by year to track changes 
in groupings of regions over time. First step was to use Ward’s hierarchical method in order to 
investigate potential number of clusters in the dataset. Figure below shows graphical display of 
two clustering processes – with original and standardized data. Dendogram is a tree diagram 
which shows mathematical and pictorial representation of the complete clustering procedure 
(Everitt et al., 2011). Nodes of the dendrogram represent clusters and height reflects the distances 
at which clusters were joined.  Large differences between values of most indicators in Moscow 
and St. Petersburg and in all other regions in Russia explain the unusual shape of the first 
dendrogram. Given extreme dissimilarity between these two regions and the rest of Russia, 
hierarchical clustering suggests that two most distinct clusters that exist in the dataset are 81 
regions grouped together and 2 capitals in another group. This is clearly visible on the first 
dendrogram, which indicates that the largest distance at which clusters were joined was at the 
stage when Moscow and St. Petersburg were joined with other regions. Therefore, when 
interpreting results of cluster stopping rules, it is important to keep in mind that tests are likely to 
suggest 2 as an “optimal” number of clusters. However, because the goal of the paper is to 
conduct in-depth cluster analysis and to discover natural clusters within the group of 81 regions, 
it would be necessary to search for “second optimal” from mathematical point of view number of 
clusters. Dendrogram for standardized variables has more classical shape and visually suggests 
the presence of several natural clusters in the data. The issue of leaving variables in their original 
format will be discussed in the robustness checks section of the paper. Meanwhile, cluster 
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analysis is carried on using standardized variables in order to avoid the problem of multiple 
measurement units which are present in the dataset.   
 
Figure 6: Ward's Clustering Method, Dendrograms 
Dendrogram for original data – 2009 Dendrogram for standardized data – 2009 
  
Dendrogram for original data – 2010 Dendrogram for standardized data – 2010 
  
Dendrogram for original data – 2011 Dendrogram for standardized data – 2011 
  
Source: Author’s calculations on created set of indicators (refer to Table 5).   
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 Several cluster stopping rules were used to investigate the true number of clusters which 
exists in the data. Graphical analysis presented above is not constructive in determining the exact 
number of clusters because distance at which Moscow and St. Petersburg were merged with other 
regions was significantly larger than any other distance in hierarchical clustering process. Results 
of stopping rules for hierarchical Ward’s clustering are shown below by presenting four highest 
values for each test where high test statistic indicates more distinct clustering. 
Table 8: Cluster Stopping Rules for Ward's Method 
 2009 2010 2011 
Stopping Rule 
 
Suggested number of clusters (value of test statistic) 
Calinski/ Harabasz pseudo-F 4      (14.56) 
5      (13.29) 
6      (13.14) 
3      (12.62) 
3      (16.61) 
4      (14.22) 
5      (12.84)   
9  (12.22) 
3      (16.62) 
4      (13.45) 
5      (11.65) 
6      (10.77) 
Duda/Hart 6      (0.8728 | 6.12) 
4      (0.8337 | 5.78) 
8      (0.7062 | 4.99) 
5      (0.6130 | 5.05) 
3      (0.9031 | 7.83) 
4      (0.9017 | 7.42) 
5      (0.8653 | 7.16) 
9      (0.7502 | 5.66) 
3       (0.9251 | 5.91) 
4       (0.9195 | 4.90) 
6       (0.8691 | 4.07) 
5       (0.6334 | 8.68) 
Conclusion: Potential 
number of clusters to 
implement in K-means 
algorithm 
 
4,5,6 
 
4,5,9 
 
4,5,6 
 Source: Author’s calculations on created set of indicators (refer to Table 5).   
 Based on cluster analysis stopping rules, there are several possible “true” numbers of 
clusters in each time period ranging from 4 to 9 clusters. In addition to formal empirical testing, 
number of clusters should also be supported by theoretical expectations and should be feasible for 
interpretation of results. Thus, although formal tests seem to suggest three clusters of regions in 
the data, this option is not taken into consideration because such typology is unlikely to address 
the variety of regional innovation systems in Russia and therefore would not be enlightening. At 
the same time, too large number of clusters may be too difficult to interpret which would make 
policy implications too complex and the topology less convenient to use. Therefore, numbers of 
clusters above 10 were also excluded from the analysis. As a result, potential number of clusters 
to implement in K-means algorithm was determined as 4,5, and 6 for years 2009 and 2011, and 
5,6, and 9 for year 2010. 
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 The next step was to conduct non-hierarchical k-means clustering method with different 
numbers of predetermined clusters and to check which number gives most robust results.  This is 
done by using two tests - Calinski/Harabasz rule and an additional lower bound rule described in 
Steinley & Brusco (2011). Unlike other stopping rules, Steinley & Brusco's technique was 
designed to determine the number of clusters for k-means algorithm specifically. Normalized 
index LBT measures the closeness of the observed value of the within-cluster sums of squares 
(SSE) to the minimum value of SSE in terms of total sums of squares (SST) according to 
                         . Using the LBT, a partition into k clusters is chosen such that 
LBT(k) is minimum. 
Table 9: Cluster Stopping Rules for K-means Method 
     2009 2010 2011 
Stopping Rule 
 
Investigated  number of clusters (value of test statistic) 
Calinski/ Harabasz pseudo-F 4      (12.99) 
5      (12.99) 
6      (11.75) 
 
4      (10.92) 
5      (12.16)   
9  (11.18) 
4      (10.18) 
5      (11.38) 
6      (9.98) 
    
Steinley & Brusco's lower 
bound technique (LBT) 
4, LBT = 0.2796 
5, LBT = 0.2858 
6, LBT = 0.3148 
4, LBT = 0.3074 
5, LBT = 0.2929 
9, LBT = 0.3311 
4, LBT = 0.3031 
5, LBT = 0.2855 
6, LBT = 0.3217 
 
Conclusion: number of 
clusters to use for k-means 
algorithm 
 
4 or 5 
 
5 
 
5 
 Source: Author’s calculations on created set of indicators (refer to Table 5).   
The five-group solution appears to have highest Calinski–Harabasz pseudo-´ F value and lowest 
LBT index indicating that five-group solution is the most distinct compared with other numbers 
of clusters. Exception is year 2009, in which four-group solution and five-group solution have 
same Calinski–Harabasz pseudo-´ F values but four-group solution has lower LBT index 
suggesting more distinct clustering. However, to maintain homogeneous typology over three-year 
period, the decision was made to use five groups as predetermined number of clusters for k-
means clustering for each year under consideration.  Resulted clusters of regions are mapped on 
the Figure 7 below.  
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Figure 7: Mapping of Russian RIS, Cluster Analysis (2009) 
Source: Author’s calculations on created set of indicators 
(refer to Table 5). 
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 Empirical investigation based on the theory of regional innovation systems and barriers to 
innovation resulted in five groups of Russian regions. First group of regions titled “Metropolitan” 
consists of cities Moscow and St. Petersburg and is represented by stars on the map. Second 
group titled “Innovators” with above average innovative performance consists of six regions 
shown in green. Two groups of regions were associated with major characteristics of “old-
industrial” and “peripheral” regions and are shown in yellow and red colors respectively. Finally 
last cluster of regions in mainly Western and a central part of Russia is highlighted in purple 
color; while having average innovative performance, regions belonging to this group can be 
associated with a mix of innovation barriers.  
 
6.1.1 “Metropolitan” Cluster 
 As expected, Moscow and St. Petersburg form the first group of Russian regions with 
significantly higher mean values for most indicators. First of all, these regions are characterized 
by high values of indicators belonging to the ENALERS block, indicating very strong 
educational and scientific base, as well as substantial governmental support for innovation. This 
is reflected by highest in Russia numbers (relative) for students in tertiary and higher education, 
PhD students, researchers, and share of labor force with tertiary education and by high values for 
citation index and support of national government.  FIRM ACTIVITIES block also pointed out to 
a dominant position of Moscow and St. Petersburg in terms of R&D cooperation, innovative 
infrastructure for supporting linkages between firms and other RIS elements, as well as patent 
applications. In terms, of innovation OUTPUTS, this group of regions is associated with high 
share of enterprises engaged in technological, marketing, and organizational innovation, but with 
relatively low share of innovative products and services.  Also, Russia’s metropolitan regions 
have high industry concentration – the share of largest industry in the regional GDP is 34.6%. 
 It is interesting to note that Russia’s two metropolitan cities appear to have the strongest 
ties between firms and appropriate infrastructure for fostering links between industry and 
knowledge bases. On one hand, this could be viewed as an evidence for rejecting the hypothesis 
of metropolitan regions suffering from fragmentation when applied to the Russian context. On 
the other hand, one could doubt how legitimate it is to compare (even in relative terms) Moscow 
and St. Petersburg to the rest of Russian regions, given their dramatically different levels of 
economic development. Perhaps, if the focus of research was to investigate RIS of Moscow or St. 
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Petersburg, it would have been more appropriate to compare it to RIS in Europe or Central 
Eastern Europe. Nonetheless, based on the empirical analysis, it is evident that innovative 
performance of Moscow and St. Petersburg (as measured by OUTPUT block of indicators) is 
lower than one would expect given their absolute leading positions in terms of “enablers” and 
“firms activities” indicators.  
 
6.1.2 “Innovators” Cluster 
 According to results of cluster analysis, a group of six regions was identified which, in 
addition to metropolitan group, appeared to have better developed regional innovation systems 
than other regions. In the entire three-year long period, this group included four regions located in 
Central Russia - Leningradskaya, Moskovskaya, Nizhegorodskaya, and Kaluzhskaya, and two 
Siberian regions- Novosibirskaya and Tomskaya. They were associated with strong ENABLERS 
indicators such as number of researchers and labor force with tertiary education, and had highest 
index for citations of scientific publications and largest share of national government funds for 
R&D in regional GDP. Share of own funds and funds of business sector organizations in regional 
R&D expenditures were below average. Hence, it appears that R&D activities in these regions 
are mainly dependent on financial support of Federal government. Patents applications, 
cooperation and linkages indicators were very strong showing that on average 40.2% of firms had 
cooperative R&D projects (versus 41.8% in metropolitan regions).  OUTPUT block variables 
showed above average values for all innovation output indicators, including highest scores for 
organizations engaged in marketing and organizational innovations and share of innovative 
products and services in the service sector. In comparison to other groups, innovators cluster had 
high population density and urban ratio, and below average industry concentration measure 
implying that these regions were less “monostructural”. 
 This finding is in line with previous research of innovative regions in Russia which 
produced rankings based on regional innovative performance. For instance, Volkova and 
Romanyk (2011) included all of these regions in two groups of innovators:  “innovative regions 
of European part of Russia” or “innovative regions in Siberia”. In addition, Association of 
Innovative regions of Russia also ranked them as either “high” or “high-medium” innovators with 
following rankings: Moskovskaya - 3, Kaluzhskaya (5), Tomskaya (9) Nizhegorodskaya (11), 
Novosibirskaya (16), and Leningradskaya (34).  
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6.1.3 “Industrial” Cluster  
 Third identified cluster was titled “Industrial” and it included 33, 32, and 30 regions in 
years 2009, 2010, and 2011 respectively. Regions belonging to this group had relatively strong 
ENABLERS indicators, in particular large number of students in tertiary and higher education, as 
well as PhD students. This is in line with theoretical expectations about “old-industrial” districts 
which suggest that such regions usually have strong scientific bases. Similarly, in accordance 
with innovation barriers theory, this group of regions is associated with strong ties reflected by 
large share of firms engaged in cooperative R&D projects and high value of innovation 
infrastructure variable which was used as a proxy for linkages between RIS subsystems. This 
provides empirical evidence for “lock-in” innovation barrier being applicable for Russian 
industrial areas. Of course, this group is characterized by high industry concentration – largest 
industry share in regional GDP is on average 25.8%.  
   Geographically, this group is represented by most Siberian regions and Southern part of 
Central Russia. It is interesting to note that innovative performance of industrial group of regions, 
as measured by OUTPUT block of indicators, is on average higher than in “peripheral” and 
“mixed barriers” clusters. In fact, average share of innovative products and services in enterprises 
of industrial sector is the highest of all groups – 5.6%. Hence, this could indicate that 
characteristics of “old-industrial” districts in Europe and industrial regions in Russia are to some 
extent different – in particular with regards to their relative innovative performance. This implies 
that innovation policy approach would also differ from European experience. Krasnoyarsk region 
which was chosen for innovation policy analysis belongs to this group and thus, policy 
recommendations for such type of regions would be discussed in more detail in the next section 
of the paper.      
  
6.1.4 “Periphery” Cluster 
 Group of peripheral regions consisted of 22, 21, and 26 regions in 2009, 2010, and 2011 
respectively. As suggested by the title, most regions in this group were located in the periphery of 
Russia and included many of the “Respublic” (republics) - areas of non-Russian ethnicity. This 
group of regions was associated with weakest enablers - number of students and PhD’s, 
researchers, citations of publications, and federal government support for R&D were all below 
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average. In additional to educational and scientific base, this group is also identified with regional 
firms being weak innovation actors. It is described by the lowest in Russia firms’ activities – all 
four indicators of this block are lowest in comparison to other groups. Similarly, most indicators 
measuring innovation output have lowest means in “peripheral” group of regions. Finally, it is 
also identified with low population density, lowest urban ratio and industry concentration.  
 This description of Russia’s peripheral regions seems to fit well the definition of 
peripheral regions associated with “organizational thinness” barrier to innovation in Tödtling and 
Trippl (2005). In particular, main characteristic of peripheral regions is that “important RIS 
prerequisites are weakly developed as there’s a lack of dynamic clusters and support 
organizations”. Results of empirical analysis demonstrates that such characteristic is certainly 
applicable to Russia’s periphery as 10 out of 14 indicators aimed at measuring enablers, firm 
activities, and innovation output had lowest mean values when compared to other groups.  
 
6.1.5 “Mixed Barriers” Cluster 
 Last group of regions was titled “Mixed” due to potential mixture of barriers to 
innovation which could describe low innovative activity in these regions. Geographically, they 
were mostly located in Central Russia and included 20, 21, and 19 regions in 2009, 2010, and 
2011 respectively. This group was associated with both highest industry concentration (38.4%) 
and lowest population density. At the same time, “enablers” and “firm activities” indicators were 
mixed – some fluctuated around national average, while others were very low. Innovative activity 
and output were also either around average values, or just below it. As a result, characteristics of 
some types of systemic failures were identified: weak linkages (fragmentation), absence of some 
relevant actors such as researchers and business cooperation (organizational thinness), and 
highest industry concentration (lock-in) but neither type could be recognized to be dominant.   
 Given average or below average values of most indicators in this group, one variable 
stood out for having the highest national mean – “share of own funds and funds of business sector 
organizations in total regional expenditures on R&D”. In combination with lowest value for 
national governmental support for R&D activities in the region, this suggest that innovative 
efforts, as measured by R&D expenditures, are mainly financed from within the region and are 
less supported by national government than other groups of regions.      
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 Summary of mean values of all indicators by blocks are presented in the table below. In 
addition to color range, where dark blue indicates the highest mean values and dark orange – 
lowest mean values, largest value are shown in bold, while lowest - in italic.  
Table 10: Comparisons of Cluster Means 
Block "ENABLERS" 
  
Number of 
students in 
tertiary and 
higher 
education per 
10 000 
population 
Labor force 
with higher 
education, % 
PhD students 
for 10 000 
population 
Number of 
researchers 
per  10 000 
population  
Number of 
citations per 
scientific 
publication in 
the region 
(2007-2011) 
Federal budget 
funds in 
regional R&D 
expenditures 
as a % of 
regional GDP 
Metropolitan  1155 43.9902 36.1399 104.43 0.8079 1.47125 
Innovators 573.3333 28.50118 9.283467 41.86928 1.830933 1.7192 
Industrial  650.697 24.14677 8.480936 11.76782 0.321227 0.4321 
Mixed 547.8228 22.27476 5.694745 7.82509 0.24859 0.19106 
Peripheral  500.0909 25.23036 5.581677 4.379423 0.282727 0.198414 
 
  
 
  
 
    
Average 592.5477 24.77583 7.765582 13.26823 0.414382 0.43016 
Block "FIRM ACTIVITIES" 
  
Share of funds of 
business sector 
organizations in 
total regional 
expenditures on 
R&D, % 
Enterprises engaged 
in cooperative 
research and 
development 
projects % (mining) 
Number of total 
innovation 
infrastructure 
elements per 10 000 
population 
Patent applications per 
million population 
(inventions and models) 
Metropolitan  19.00 0.42 0.08 758.97 
Innovators 11.03 0.40 0.08 267.23 
Industrial  12.46 0.39 0.04 181.45 
Mixed 30.08 0.35 0.02 114.61 
Peripheral  3.25 0.26 0.02 72.33 
 
        
Average 14.32 0.35 0.04 156.54 
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Block "OUTPUT" 
  
Enterprises engaged 
in technological 
innovation as a per 
cent of enterprises 
total 
Enterprises engaged 
in marketing and 
organizational 
innovation as a per 
cent of enterprises 
total  
Share of innovative 
products and 
services in the total 
volume of shipped 
goods, and services 
in enterprises of 
industrial sector 
Share of innovative 
products and services in 
the total volume of 
shipped goods and 
services in enterprises of 
service sector 
Metropolitan  12.8 6.800 3.606 2.962 
Innovators 8.216667 6.883 4.595 5.836 
Industrial  8.651515 6.088 5.598 4.625 
Mixed 7.325 4.815 4.513 3.322 
Peripheral  5.60597 3.686 1.505 4.064 
 
  
 
    
Average 7.593149 5.219277 4.131073 4.209723 
 
Block "SOCIO-ECONOMIC CONDITIONS”  
  
Population Density Industry Concentration Urban Population Ratio 
Metropolitan  4182.41 34.60 100.00 
Innovators 45.84 27.63 74.78 
Industrial 28.98 25.88 71.67 
Mixed 20.19 38.34 72.58 
Peripheral  29.74 22.56 59.21 
 
  
 
  
Average 128.3628 28.33976 69.49398 
Source: Author’s calculations on created set of indicators (refer to Table 5).   
 
6.2 Dynamic Analysis 2009-2011  
 Given that system of indicators contained variables for three consecutive years, it was 
possible to track changes in obtained clusters of regions by conducting cluster analysis year by 
year. General structure and characteristics of clusters remained the same overtime, however, 
several regions moved from one group to another. Changes in cluster compositions are reflected 
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in the table and maps below. Some changes which occurred in 2010 were reversed in 2011. 
Besides those temporary changes, there were 8 regions which permanently changed their groups. 
Because peripheral cluster was associated with least developed RIS, movement from “peripheral” 
group was considered positive for a region, and to peripheral region – negative. Hence, over 
three-year period two regions “upgraded” from peripheral to industrial cluster - Kalmykiya and 
Buryatiya, while six regions “downgraded” and became part of periphery cluster – Mordoviya, 
Permskij, Tul'skaya, Volgogradskaya, Vladimirskaya and Magadanskaya.  
 On one hand, it could be an interesting topic for further research to investigate factors 
which contributed to “upgrading” or “downgrading” of these regions. On the other hand, 
development of regional innovation system is a complex and time-consuming process and 
therefore it may take many years for it to adjust to changes. Thus, it is also possible that to a 
certain degree changes in cluster decompositions are driven by weaknesses of available data 
about innovation in Russian regions. For instance, one of the “downgraded” regions 
Magadanskaya oblast has already been referred to as having questionable quality data about 
innovation output. Taking a closer look at the dataset reveals some instability in values of the 
indicators for this region: share of innovative products and services in enterprises of service 
sector dropped from 34.1% in 2009 to 14.2% in 2011. So, it appears that cluster analysis 
technique is rather sensitive to the structure of the dataset suggesting that resulting typology of 
RIS strongly depends on underlying data.         
Figure 8: Changes in Cluster Compositions 2009-2011 
2009-2010 2010-2011 
  
Source: Author’s calculations on created set of indicators (refer to Table 5).   
•Adygeya 
•Altajskij 
•Kamchatskij 
•Kalmykiya 
From 
"peripheral" to 
"industrial" 
•Ivanovskaya 
•Kaliningpadskaya 
•Kareliya 
•Magadanskaya 
From 
"industrial" to 
"peripheral"  
•Saxalinskaya From 
"peripheral" to 
"mixed" 
• Buryatiya 
• Ivanovskaya 
• Kaliningpadskaya 
• Kareliya 
From 
"peripheral" to 
"industrial" 
• Adygeya  
• Altajskij 
• Kamchatskij 
• Mordoviya 
• Permskij 
• Tul'skaya 
• Volgogradskaya 
From "industrial" 
to "peripheral"  
• Saxalinskaya 
• Vladimirskaya From "mixed" to 
"periphery" 
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Figure 9: Dynamic Analysis: Mapping of Russian Regions, 2010 and 2011 
 
 
 
 
Source: Author’s calculations on created set of indicators (refer to Table 5). 
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6.3 Robustness Checks 
 Several robustness tests were carried out to test consistency of obtained results. First, the 
aim was to understand the effect of using differing cluster algorithms on the resulting groups. In 
particular, clusters resulting from hierarchical cluster analysis (Ward’s method) were compared 
to those from non-hierarchical k-means method. Based on methodology used for Regional 
Innovation Scoreboard 2012 (Methodology Report, 2012), this robustness test was of the 
following form: 
1. Determine the number of clusters in the data through the application of hierarchical 
cluster analysis employing Ward’s method. Document the allocation of cases to 
clusters for subsequent comparison. 
2. Carry out non-hierarchical cluster analysis (k-means), using the number of clusters 
established in (1) as an input, and compare the allocation of regions to that achieved in 
(1). 
 According to Ward’s hierarchical method, groups of regions were generally consistent 
with k-means method, resulting in five clusters which could also be classified as “metropolitan”, 
“innovators”, “industrial”, “periphery”, and “mixed”. Most consistent results were in two groups 
with best developed regional innovation systems – “metropolitan” and “innovators”. Throughout 
the entire period of the analysis, same regions were assigned to these groups according to both 
hierarchical and non-hierarchical methods. However, obtained groupings of regions varied in 
three remaining clusters. Table below demonstrates the degree of similarity between clusters 
obtained by k-means algorithm and Ward’s method. Percentage number in each row indicates 
share of regions in each cluster obtained through k-means method, which was assigned to the 
same cluster based on Ward's method. For instance, this implies that in 2009, 87.8% of 
“industrial” regions according to k-means cluster analysis were also assigned to “industrial 
group” by Ward’s clustering method. It is clear from the table that using a different clustering 
method caused regions to shift between “industrial”, “periphery”, and “mixed” clusters.  
Table 11: Ward's and K-means Methods Compared 
 2009 2010 2011 
Metropolitan 100.0% 100.0% 100.0% 
Innovators 100.0% 100.0% 100.0% 
Industrial 87.8% 81.2% 70.0% 
Mixed 30.0% 22.7% 73.0% 
Peripheral 72.7% 76.2% 89.0% 
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K-means cluster algorithm, described in the previous section, resulted in a more equal 
distribution of regions between “industrial”, “periphery”, and “mixed” clusters than hierarchical 
Ward’s method. It is likely that more equal allocation was achieved by k-means algorithm 
because, unlike static and irrevocable Ward’s algorithm, it allows for the iterative shifting of 
cases between clusters until the best fit is found. However, if used in isolation, k-means method is 
problematic due to the need to specify the number of clusters embedded in the data in advance. 
So, it appears that most interesting and feasible results from a theoretical perspective are achieved 
when these clustering methods are used in combination – hierarchical method to determine the 
number of clusters and “dynamic” k-means algorithm to allocate regions to clusters.    
Additionally, the issue of standardizing the data was explored to test whether leaving 
original data without transformation would influence clustering results. During first steps of 
cluster analysis it became evident that standardizing variables in the dataset would lead to more 
consistent clustering results than using original data. First of all, as has been shown earlier, an 
unusual shape of the dendrogram indicated only two distinct clusters obtainable through 
hierarchical clustering method based on the original data – Moscow and St. Petersburg in one 
group and the rest of regions in another. In addition, formal stopping rules confirmed this 
observation. As shown in the table below, stopping rules after hierarchical clustering on original 
data suggested either very small number of clusters (2), or very large number of clusters (13-15). 
Such typology of regions would be either not informative (with too little clusters), or troublesome 
to interpret in the light of RIS and innovation barriers theories (too many clusters). However, 
relying on Duda/Hart stopping rule, test was conducted to check whether specifying 6 clusters 
and using original data in k-means clustering algorithm would produce similar groupings of 
regions to results obtained from using standardized data. Descriptions of clusters from non-
standardized dataset differed from clusters in standardized dataset, and the distinction between 
types of regions was not as clear. Thus, it indicates that cluster analysis is rather sensitive to the 
* % indicates share of regions in each cluster based 
on k-means method, which was assigned to the same 
cluster based on Ward's method 
Source: Author’s calculations on created 
set of indicators (refer to Table 5). 
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format of the data, and in particular to the choice of units of measurement. This paper argues that 
in order to achieve objections set out for this analysis, it is important to standardize the variables 
in the dataset.  
Table 12: Cluster Stopping Rules, Ward's Method on Original Data 
 2009 2010 2011 
Stopping Rule 
 
Suggested number of clusters (value of test statistic) 
Calinski/ Harabasz pseudo-F 2      (823.54) 
15    (774.68) 
14    (745.94) 
13    (694.98) 
2      (790.42) 
12    (678.12) 
13    (650.15)   
14  (647.08) 
2      (838.18) 
13    (677.86) 
15    (676.59) 
14    (673.28) 
Duda/Hart 15    (0.6458 | 6.03) 
2      (0.6343 | 45.55) 
4      (0.6187 | 30.81) 
14      (0.5846 | 7.82) 
3      (0.6840 | 24.03) 
2      (0.6656 | 39.69) 
6*    (0.6294 | 14.72) 
5      (0.6280 | 15.99) 
3       (0.6859 | 20.61) 
6*     (0.6931 | 14.17) 
14     (0.6854 | 7.35) 
2       (0.6433 | 43.80) 
Conclusion: Potential 
number of clusters to 
implement in K-means 
algorithm 
 
2,14,15 
 
2, unclear 
 
2,14 
        Source: Author’s calculations on created set of indicators (refer to Table 5). 
 
To conclude, results of k-means clustering were similar to those obtained with Ward’s 
method but were associated with more equal distribution of regions among “industrial”, 
“periphery”, and “mixed” clusters. Hence, robustness test suggests that although two clustering 
methods produce relatively similar results, it may be best to use these methods in combination to 
address problems arising from applying each method in isolation – static algorithm of Ward’s 
method which results in unequal distribution of regions, and the need to define an arbitrary 
number of clusters in the data a priori for K-means algorithm. Finally, robustness checks showed 
that using non-standardized data leads to different clustering results: original data suggests both 
different number of clusters which exist in the data and allocation of regions. Nonetheless, it is 
argued that, based on graphical representation and formal cluster stopping rules, standardizing the 
data appears to be appropriate for achieving empirical goal of the paper, i.e. creating a typology 
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of Russian regional innovation systems in accordance with theoretical concepts of innovation 
systems and barriers to innovation.          
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7 POLICY IMPLICATIONS DISCUSSION WITH A FOCUS ON KRASNOYARSK 
REGION 
 
7.1 General aspects of differentiated policy approach 
 Tödtling and Trippl (2005) provide following guidance for innovation policy approach 
based on different types of regions and associated barries to innovation. 
Peripheral Regions [Organizational Thinness] – strengthening and upgrading regional 
economy. Of particular importance are links to actors outside the region: linking of firms to 
clusters outside the region to attract innovative companies and encourage new firm formation; 
attracting branches of national research organizations; linking firms to knowledge providers and 
technology transfer centers withing and outside the region.  
Old Industrial Regions [Lock-in] – renewal of regional economy. Of particular importance is 
breaking path dependency through diversification – innovation in new fields, trajectories, new 
markets.  
Metropolitan Regions [Fragmentation] – improving position of regional economy in global 
knowledge economy. Of particular importance are interractions between industry and knowledge 
providers.   
 Differentiated approach for building regional innovation policies is also supported by 
OECD “Regions and Innovation Policy” report. Regional policy needs to take into account 
diversity in institutional structures and innovation potential based on well defined strategic 
choices, which should reflect both national development and patterns as well as regional specific 
factors (OECD, Regions and Innovation Policy, 2011). To achieve this policy objective, OECD 
suggests the development of “smart mix of policy instruments” which should aim at “the right 
balance between the goals of knowledge creation, diffusion and absorption as appropriate for the 
regional context” (OECD, Regions and Innovation Policy, 2011).  
 
7.2 Particular policy implications for Krasnoyarsk region 
 Krasnoyarsk Krai was selected as a focus for policy discussion part of the analysis for 
several reasons. First of all, it is the second largest federal subject in Russia occupying 13% of its 
territory and representing the largest region of Siberian Federal District. Hence, it could be 
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viewed as a representative for a whole group of regions – industrial areas of Siberia. Secondly, 
there is a research gap in academic literature about less developed innovative regions in Russia, 
and Siberian regions in particular. Investigating innovation systems of leading innovative regions 
is certainly important, and has been done by various sources (OECD reports, case studies, 
rankings of Russian regions listed in Literature Review section). Yet, studying less favored 
regions and understanding their specific regional barriers to innovation, could be of great value 
for regional policy-makers and consequently could contribute to innovative development of these 
regions. And finally, having lived in Krasnoyarsk Krai for sixteen years and speaking Russian 
language, it was possible for the author to obtain qualitative data about regional innovation 
system in Krasnoyarsk Krai in addition to quantitative results and openly available internet 
resources. Geographical location of the region is shown on the figure below.    
Figure 10: Krasnoyarsk Krai, Russia 
 
 Educational and scientific base – Krasnoyarsk region is endowed with strong 
educational and scientific bases. The system of higher education is comprised of 13 educational 
institutions: Siberian Federal University, Siberian National Aerospace University named after 
academician Reshetnyov M. F., Krasnoyarsk National Trade-Economic University, Siberian 
National Technological University, etc.) totaling more than 130,6 thousand students, including 2 
privately-owned institutions. Intellectual potential of the Krasnoyarsk Krai is consolidated within 
Krasnoyarsk Scientific Center of Siberian Department of the Russian Academy of Science (KSC 
SD RAS), which connects scientists of all Krasnoyarsk universities and institutes. 
 According to the dataset developed for empirical investigation, in the period 2009-2011 
Krasnoyarsk Krai had on average 593 students in tertiary and higher education (rank number 36), 
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8 PhD students (rank 30) and 13 researchers (rank 23) per 10 000 of population, and 23.8% of 
labor force with tertiary education (rank 52). Citation index implied that every published 
scientific article was cited 0.7 times (rank 8). Finally, it had a substantial governmental funding 
in total regional R&D expenditures -57.7% (rank 23).   
 Business Environment – Krasnoyarsk business sector consist of more than 50 large and 
800 small businesses. Largest share of regional GDP is represented by mining, manufacturing, 
production and distribution of gas and water sector. Indeed, it is one of the richest Russia's 
regions in natural resources: more than 95% of nickel and metals of platinum group, 71% of 
copper, 50% of cobalt, 28% of aluminum of total Russian reserves is concentrated in the 
Krasnoyarsk Krai (Investment passport of Krasnoyarsk Krai, 2008).   
Figure 11: Krasnoyarsk Regional GDP by Sector (2010) 
 
Source: Author’s calculations based on data from Association of Innovative Regions in Russia. 
 Empirical investigation showed that on average from 2009 to 2011, share of own funds 
and business sector funds in total regional R&D expenditures in Krasnoyarsk Krai was relatively 
low – 5.5% (rank 55) implying that most R&D activities of enterprises were financed through 
national government (57.7%). Patent activity was high – 204 applications per million of 
population, ranking the region at number 24 in Russia. Share of enterprises engaged in innovation 
technological innovation was – 9.2% (rank 24), in marketing and organizational innovation – 
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5.1% (rank 39). Share of innovative products and services in enterprises of industrial sector was 
low – 0.4% (rank 71) and of service sector – 4.6% (rank 35).  
 With regards to indicators measuring cooperative R&D activities and linkages, 
Krasnoyarsk Krai had relatively strong performance - 44% of enterprises were engaged in 
cooperative R&D projects, which ranks the region at 19
th
 place in Russia, and at 34
th
 place 
according to potential linkages between RIS subsystems measured by innovation infrastructure 
elements (number of elements was 0.04 per 10 000 population). In particular, innovation 
infrastructure of Krasnoyarsk Krai consists of five major elements: 
Figure 12: Elements of Krasnoyarsk RIS Infrastructure 
 
 
 
Source: Association of Innovative Regions in Russia (*ZATO stands for a closed administrative-
territorial formation of Zheleznogorsk (closed city).) 
 
 Financial Infrastructure in the region is comprised of State investment and venture 
funds (Krasnoyarsk Regional Fund for scientific and technical activities, Regional venture fund 
for small businesses in the science and technology sector of Krasnoyarsk region, and State funds 
supporting small businesses),  Krasnoyarsk Regional Agency for SME support and large private 
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capital and Venture funds such as “Advanced Nanotechnology”. Governmental regulation of 
innovative activity in the region is conducted mainly through Ministry of Investments and 
Innovations of Krasnoyarsk Region but also through Regional Development Corporations such as 
Corporation “Krasnoyarsk 2020” and Development Corporation of Krasnoyarsk Region. 
 
7.2.1 Interviews with Representatives of Elements of Krasnoyarsk Regional Innovation 
System 
 
 Before drawing policy implications for Krasnoyarsk region based on empirical results, 
deeper information about regional innovation system of Krasnoyarsk region was obtained 
through three personal interviews. The main task of interviews was to obtain qualitative data 
about three subsystems of Krasnoyarsk RIS: knowledge generation and diffusion, knowledge 
application, and policy. Consequently, three regional actors were selected – Siberian Federal 
University, Krasnoyarsk business incubator “KRITBI” and the Ministry of Investments and 
Innovations of Krasnoyarsk region. Interview questions were constructed in such a way which 
allowed assessment of current state of RIS development as well as identification of major barriers 
to innovation in the region. 
According to an interview with a representative of Siberian Federal University, it was 
clear that the University is very open to cooperation with enterprises and community in general. 
Some results of research activity in the University in 2011 included 3386 published scientific 
articles (335 in international journals) and 137 patents granted from RosPatent. As of today, 
about 70 contracts exist with University’s strategic partners including large industrial companies 
such as Gazprom, Rosneft, Rusal, and NorNickel. Collaboration is also present with medium 
sized firms, but is problematic with small companies because the latter do not have enough 
incentives to cooperate. University cooperates with businesses in many industries – search and 
exploration of minerals, aerospace monitoring, oil and gas, machinery, nonferrous and ferrous 
metallurgy, information technology and others. It was indicated that although overall cooperative 
innovative activity of the University improved over the last years, the improvement was not as 
dramatic as hoped. Major barriers in establishing university-industry links were identified as low 
incentives of small businesses to cooperate and under-developed legislation which makes it 
difficult to encourage academic spin-offs and to commercialize innovations developed in the 
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University. However, University actively participates in development of regional innovation 
policy and therefore contributes to resolving these issues.  
Interview with Krasnoyarsk business incubator “KRITBI” revealed several aspects of 
knowledge application subsystem of Krasnoyarsk RIS. One of the first elements of regional 
innovation infrastructure, business incubator started functioning in June 2011. It currently assists 
94 regional firms, all of which are recent start-ups (less than 3 years old) and represent following 
industries: equipment and hardware systems (45 firms), materials and technologies for their 
creation (16 firms), information technologies (21 firms), medicine (6 firms) and biotechnology (6 
firms). It was established with an initiative of national government which is also the dominant 
funding source for incubator’s operations. Main functions of the incubator are defined as 
“helping perspective project teams with idea and product development, with receiving 
investments, and finding strategic partners and clients”. With regards to university-industry 
cooperation, it is mostly development in firms which originated (at least party) from the 
university. Business incubator cooperates with universities and research institutes by organizing 
events aimed at finding new innovative projects and encourages innovation through 
administering grants and competitions. It contributes to the innovative development of the region 
mainly through enhancing the development of new products and services and helping to create 
new, high quality businesses. 
 Krasnoyarsk business incubator is a very recent establishment and it is still too early to 
discuss its long-run effectiveness, especially given that not a single firm has “graduated” from it 
yet. Nonetheless, it appears that its operations are very much in line with European definition of a 
business incubator. It has recently joined European Business and Innovation Center Network 
(EBN) and met all EBN membership criteria
12
 (only two other Russian business incubators are 
members of EBN – Techno Park Skolkovo LLC (Moscow) and Innovational production Techno 
Park "Idea" (Kazan)).  Nonetheless, it is worth highlighting several peculiarities attributable to 
the business environment in Russia which affect functions of the business incubator. First issue 
arises from the lack of experience and knowledge about commercialization of innovations among 
firm owners. Often entrepreneurs with strong scientific background do not possess enough 
business skills to successfully introduce their products or services to the market. Certainly, 
                                                          
12
 EBN members must meet criteria regarding (1) Mission, (2) Organization, (3) Services to Innovative  
Individual Entrepreneurs/Start-up Enterprises and SMEs, (4) Activity Measurement and Evaluation, (5) Quality 
 
59 
 
addressing this problem is one of the primary tasks of the business incubator. However, this 
process is complicated by the second issue arising from Russian business culture and mentality. 
Mistrust on many levels and aversion to risk is deeply rooted in Russian mindsets. It is therefore 
not surprising that scientists and entrepreneurs with innovative ideas are often reluctant to 
cooperate and to seek help from newly established, and not yet “trusted” organizations such as 
the business incubator. Therefore, encouraging networking and developing trust relations 
between firms, science sector and policy-makers is a key in Krasnoyarsk regional innovative 
development.  
 Finally, interview with the Minister of Investments and Innovations of Krasnoyarsk 
region provided an overview of regional innovation policy as well as its formation and problems 
associated with innovative activities of firms in the region. Ministry of Investments and 
Innovations was established in 2011 to coordinate work of all elements of the innovation system 
of the region. Main objectives of the Ministry in the field of innovation are to (i) create necessary 
conditions for innovation development of the region and (ii) to provide governmental support for 
innovative activities.  
 On the regional level, two authorities are responsible for development of innovation 
policy – the Ministry and the Board of Innovation Development of the Governor of the 
Krasnoyarsk Krai whose main role is strategic governance of innovative development. 
Cooperation of authorities resulted in official document titled “Innovation Strategy for 
Krasnoyarsk Krai 2020” and related Implementation Plan.  According to the Minister, regional 
strategy was developed before “Russia’s Innovative Strategy 2020”, implying that in the absence 
of national strategic recommendations, regional authorities worked on development of innovation 
policy autonomously. On the regional level, horizontal coordination exists among different 
ministries - activities for each ministry involved in the implementation of the innovation policy 
are outlined in the Implementation Plan. Generally, national government’s contribution to 
regional policy-making consists of setting goals and targets of innovation policy, which are 
reflected in official guiding documents such as “Innovation Strategy Development”, and the 
Decree of the President of the Russian Federation "On the long-term national economic policy."  
Main financial bodies supporting regional innovation policy are Federal government and 
regional authorities through budget plan dedicated to the long-term target program "Development 
of innovative activity in the Krasnoyarsk Territory" for 2012 - 2014 years. Share of regional 
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budget allocated for the development of innovative activity in the Krasnoyarsk region, is 0.54%. 
It was also interesting to find out that, according to the Minister, members of scientific 
institutions were actively involved in developing innovation strategy and are currently 
cooperating with the Ministry on various issues. Earlier this year, in February 2013, Government 
of Krasnoyarsk Krai Developed and approved he document titled “Procedures and forms of 
monitoring development of innovation in the Krasnoyarsk Territory”. Besides, Krasnoyarsk Krai 
is a member of the Association of Innovative Regions of Russia, which also conducts 
comparative analysis of regulatory framework in the area of innovation, as well as assessment of 
innovative activities in member-regions. 
When asked about strengths and weaknesses of regional innovation system of 
Krasnoyarsk region, the Minister referred to educational and scientific base as the main strength. 
Knowledge generation and diffusion subsystem, as well as linkages between firms and with other 
subsystems and other regions were described as “average”. In accordance with “Innovation 
Strategy 2020”, the Minister highlighted six main problems associated with low innovative 
performance of firms in the region and nine objectives aimed at addressing these issues: 
Table 13: Innovation barriers and policy objectives in Krasnoyarsk Krai 
Problems Objectives 
P1. Lack of stable demand for innovation 
and innovative products from both state and 
municipal contracts, as well as from 
government programs and investment projects. 
P2. Severe shortage of skilled 
entrepreneurs - innovative managers. 
P3. Low innovative activity in large 
enterprises mainly associated with barriers 
such as old industrial regulations, certification 
procedures, customs and tax regulation. 
P4. Insufficient level of competition to 
encourage innovative activity of enterprises. 
P5. Imbalance in the development of 
O 1.  increasing human capital in the field of 
science, education, technology and innovation; 
O 2.  creating demand for innovation; 
O 3. increasing technological 
competitiveness and innovative activity of 
existing businesses, and creating new high-tech 
and innovative firms; 
O 4. creating favorable climate for 
successful commercialization of R&D results; 
O 5. building balanced, sustainable R&D 
sector, which ought to generate new 
knowledge, and enhance its competitiveness in 
national and international markets; 
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science and education: while undergraduate 
and graduate education in improving, number 
of people engaged in R&D is decreasing.  
P6. Lack of models and tools that effectively 
integrate R&D in the economic activity of 
enterprises, regional investment projects and 
programs. 
 
O 6. enhancing openness of the regional 
innovation system and economic integration of 
the Krasnoyarsk Territory in national and 
global processes of creation and use of 
innovation; 
O 7. expanding of interregional and 
international cooperation; 
O 8.  developing and improving the 
efficiency of the innovation infrastructure in 
the Krasnoyarsk Territory; 
O 9. forming necessary information system 
Source: Interview with Minister of Investments and Innovations of Krasnoyarsk region. 
According to the Minister, current innovation policy includes all important and relevant 
instruments and captures well specific needs of the region. With regards to effectiveness or 
failures of specific policy measures, it is still too early to make comprehensive conclusions since 
Ministry started its work only in 2011. Yet, during this period, most innovation policy measures 
were implemented in two main areas - developing innovation infrastructure and providing 
financial support for innovative firms, and both measures are assessed to have been successful. In 
particular, autonomous regional state institution "Krasnoyarsk Regional Fund for scientific and 
technical activities" was created, "Development of innovative activity in the Krasnoyarsk 
Territory" program for 2012-2014 provided subsidies and reimbursement of expenses for 
innovative enterprises, and "Krasnoyarsk regional agency for SMEs" provided loans at special 
rates for innovative companies. In addition, innovation infrastructure elements are being 
established to form a single chain.  Firms that will soon “graduate” from "Krasnoyarsk regional 
innovation and technology business incubator" are expected to become members of “Krasnoyarsk 
Technopark” (which however is still at the project stage), and further move their operations to 
industrial park in the closed city of Zheleznogorsk.   
  
 
Krasnoyarsk 
Business 
Incubator 
"KRITBI" 
Techno park   Industrial park 
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7.2.2 Policy Recommendations for Krasnoyarsk Region 
 According to the quantitative analysis, Krasnoyarsk region belongs to the industrial group 
of regions. This cluster of regions is characterized by relatively strong ENABLERS indicators, in 
particular large number of students in tertiary and higher education, as well as PhD students. It is 
also associated with strong ties reflected by large share of firms engaged in cooperative R&D 
projects and high value of innovation infrastructure variable which was used as a proxy for 
linkages between RIS subsystems. Open sources about economic and innovative development of 
the region also suggest that Krasnoyarsk Kray exhibits some characteristics of “old industrial 
districts” and faces common problems such as dependence on heavy industries and large firm 
dominance. Finally, in depth interviews with regional innovation actors helped to draw more 
comprehensive descriptions of RIS and innovation policy of the region. Among strengths of the 
region, it is possible to emphasize scientific and educational potential, rich natural resources and 
thus industrial infrastructure potential, and significant financial resources provided by national 
and regional governments for innovative development.  
 This paper argues that the task of regional policy-makers should be to develop such policy 
mix that would on one hand, contribute to maintaining regional competences in traditional sector 
(energy, mining and processing of raw materials) while on the other hand, in the medium term 
would create new competitive knowledge-based economy through expanding to new or related 
industries.  
7.2.2.1 Policy Pillar 1: strengthening existing competitive advantage of the region 
  Policy recommendations for Krasnoyarsk region differ from that for “old-industrial 
districts” discussed by Tödtling and Trippl (2005) mainly because largest industries of the region 
are not currently declining. On the contrary, large industrial enterprises such as Norilsk Nickel, 
Krasnoyarsk Aluminium Plant, Krasnoyarsk Pulp and Paper Plant and Siberian Coal and Energy 
Company are performing well and are increasing their economic value. In fact, in 2010 most tax 
revenues of Krasnoyarsk Krai were provided by only two companies - "Norilsk Nickel"(around 
30% of regional budget) and "Vankorneft", a subsidiary of “Rosneft" (“Krasnoyarsk Innovation 
Strategy 2020”). Among 10 largest companies, only one is from the high-tech sector - 
"Information Satellite Systems" named after Academician Reshetnev ", all other represent 
traditional industries - non-ferrous metals, energy and oil. For such enterprises, most 
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technological innovations are adopted through purchasing new machines and equipment from 
abroad (“Krasnoyarsk Innovation Strategy 2020”). As a result, large industrial enterprises appear 
to be functioning without emerging regional innovation system. 
  The consequences of integrating large industrial companies into Krasnoyarsk Krai RIS 
can be extremely valuable for innovative and overall economic development of the region. 
Several measures could be undertaken at different RIS levels to facilitate such integration. First 
of all, with regards to knowledge generation and diffusion subsystem, it is crucial to improve the 
research base of existing universities. Particular attention should be paid to developing scientific 
base in the fields related to regional industrial specification, as is done in recently established Oil 
and Gas Institute of Siberian Federal University. Within knowledge application subsystem, 
clusters emerging around existing industries should be supported. In particular, completing the 
project of Krasnoyarsk Techno Park could contribute to achieving integration of small enterprises 
and large industrial giants of Krasnoyarsk Krai. Given regional industrial specialization, main 
activities of Techno Park will evolve around industries such as mechanical engineering 
(including petroleum engineering in mining and processing of oil), energy and energy-saving 
technologies, biotechnology, pharmaceuticals, information and communication technologies 
(including satellite and radio communications) and non-ferrous metallurgy (“Concept of 
innovative activities in Krasnoyarsk Krai, AIRR). It is also important to address the lack of 
appropriate training among regional managers and to teach business owners concepts such as 
innovative management and innovative organizational culture. 
 Finally, specific policy measures ought to be undertaken to integrate large industrial firms 
in the innovation process by strengthening links between R&D institutions and industrial 
enterprises. It is crucial to match regional education and scientific potential and industry’s 
demand for innovation through supporting networking and bilateral communication between 
industrial firms and science. Collaboration between innovative SMEs and industry should also be 
encouraged by creating monetary incentives for large companies to cooperate. In the long run, 
this should lead to replacement of existing pattern of adopting innovation from abroad by 
purchasing foreign equipment with new model of exploiting domestically generated knowledge 
and technologies.   
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7.2.2.2 Policy Pillar 2: diversification into new fields 
 Nonetheless, main policy recommendations for “old industrial districts” are certainly 
applicable for Krasnoyarsk Krai. Breaking dependency on heavy industries and creating 
diversified economy is one of the top goals of national economic strategy, as well as strategies of 
Russia’s regions, where Krasnoyarsk Krai is not an exception. More importantly, taking measures 
to diversify regional economy today will allow Krasnoyarsk region to avoid dealing with 
numerous “lock-ins” in the near future.   
 Strong scientific and educational potential is weakly involved in the regional economy. 
Krasnoyarsk Krai has a potential for creation of new innovative businesses in new fields based on 
knowledge generated by local scientists. Therefore, regional policy-makers should focus on R&D 
and university development and in particular, on moving to new fields to breake path-dependency 
and economical dependence on large enterprises. Diversification of regional economy could be 
achieved through supporting emerging clusters in new industries. In order to encourage creation 
of new firms, it is important to provide financial and organizational support for start-ups and 
SMEs. To ensure that elements of innovative infrastructure are functioning as planned, business 
owners and researchers need to be educated about opportunities offered by infrastructure 
elements such as business-incubator, Techno Park and Industrial Park. Additionally, for 
sustainable innovative development, science-industry links in new fields have to be strengthened. 
It is particularly important for Russian environment to build such relations between firms and 
other RIS elements based on trust and reciprocity, which can be achieved not only through formal 
networking but also through encouraging informal social interactions in innovative fields.    
 Finally, an additional policy objective should include measures to improve monitoring of 
results of innovative initiatives. Given problems of national statistics in assessing innovative 
activities on the regional level, it would be beneficial to create regional monitoring center which 
would be responsible for collecting, organizing and analyzing regional data, monitoring activities 
of business organizations and public authorities, as well as producing policy recommendations. 
Table 14: Innovation Policy Approach for Krasnoyarsk Krai 
 Pillar 1: strengthening existing 
competitive advantage 
Pillar 2: Diversification 
Strategic Mission To integrate large industrial 
enterprises into RIS 
To encourage innovative 
activity in new fields in the 
medium run  
65 
 
Knowledge generation 
and diffusion 
Improving research base of 
universities 
 
Developing scientific base related to 
large industries (e.g. Oil and Gas 
institute of Siberian Federal 
University) 
Focus on R&D and university 
development, moving to new 
fields to break path-
dependency and economical 
dependence on large 
enterprises 
 
Knowledge application  Supporting emerging clusters around 
existing industrial enterprises 
 
Completing project of “Krasnoyarsk 
Techno Park” 
 
Educating business owners about 
innovation management and 
innovative culture  
Diversification of economy 
 
Support emerging clusters in 
new industries  
 
Creating new firms and 
supporting SMEs 
 
Educating business owners, 
and researchers innovation 
management and innovative 
culture 
Linkages Integrate large industrial firms in the 
innovation process by strengthening 
links between R&D institutions and 
large industrial enterprises 
 
Encourage cooperation between 
innovative SMEs and industry 
 
Create monetary incentives for large 
enterprises to cooperate with regional 
R&D institutions and small businesses 
 
Developing scientific-
industrial links in new 
industries  
 
Networking, building trust 
relations between businesses 
and other RIS elements 
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8 CONCLUSION 
 
 This paper provides an example of how a typology of regional innovation systems could 
be informative for regional innovation policy. Based on publically available statistical data for 
Russian regions, cluster analysis techniques were implemented using a system of indicators 
which reflected two theoretical frameworks – concept of regional innovation systems and barriers 
to innovation. As a result, all 83 administrative subjects of Russian Federation were classified 
into 5 categories: “metropolitan”, “innovators”, “industrial”, “periphery” and “mixed innovation 
barriers”. Further, focusing on a particular representative of an “industrial” group of regions, 
potential innovation policy mix for Krasnoyarsk Krai was developed. By combining results from 
quantitative analysis with qualitative data obtained through three personal interviews, two policy 
pillars were identified for regional innovation policy approach. Again, using the concept of 
regional innovation systems as theoretical framework, examples of policy instruments were 
discussed which would allow Krasnoyarsk Krai to (1) strengthen its existing competitive 
advantage and (2) to diversify regional economy in the medium run. Policy recommendations for 
Krasnoyarsk region differed from those suggested for European “old industrial districts”, but 
nonetheless included innovation strategy of “moving into new fields/trajectories” in order to 
prevent future emergence of various “lock-in” barriers.  
 While investigating innovative development of Krasnoyarsk region, it was interesting to 
notice many similarities between its regional innovation system and national innovation system 
of Russia. Indeed, in many ways Krasnoyarsk Krai can be viewed as a “miniature model” or a 
representative of a whole Russian nation – it is rich in natural resources, has high scientific and 
educational potential, it is home to some of world’s largest industrial enterprises, but yet, its 
innovative performance is below expected levels. There is also large discrepancy in economic 
development within Krasnoyarsk region – it has its own metropolitan type of regions – city of 
Krasnoyarsk, as well as periphery and industrial areas. Thus, emerging regional innovation 
system of Krasnoyarsk region could be an interesting field for future research with potential 
nationwide benefits.  
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10 APPENDIX 
Appendix 1: Graphical Representation of the Data 
 
Figure 13A: "Research System" Dimension of ENABLERS Block 
 
 
Source: Author’s calculations on Rosstat’s data and Russian Science Index website.  
 
First indicator of “research systems” dimension, “number of researchers” shows that 
Moscow, Saint-Petersburg and Nizhegorodskaya Oblast have the largest number of researchers, 
while the number of researchers per 10 000 population in most other regions ranges from 0 to 40. 
With regards to the second indicator, most regions have citation index between zero and one. 
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However, there are some outliers – three largest values are in Moscovskaya Oblast, 
Leningradskaya Oblast and Karachaevo-Cherkesskaya Oblast. In each case, large index number 
is driven by the large numerator value of citations, which in turn is driven by the leading 
scientific institution in the region: Joint Institute for Nuclear Research (Moscovskaya Oblast), 
Konstantinov Petersburg Institute of Nuclear Physics (Leningradskaya Oblast) and Special 
Astrophysical Observatory of the Russian Academy of Sciences in Nizhny Arhiz (Karachaevo-
Cherkesskaya Oblast). This confirms that these outliers are not computational or statistical faults 
but are instead indicators of high publication activity of regional scientists as well as high quality 
of scientific work.  
 
Figure 14A: "Finance and Support" Dimension of ENABLERS Block 
 
Source: Author’s calculations on data from Research and Statistics of Science (CISN) (refer 
to Figure 5). 
National government’s funds in regional R&D expenditures were chosen as an indicator to 
measure governmental support for research and development activities. It was calculated as a 
ratio of the monetary value of Federal Government funds in Regional R&D expenditures to 
regional GDP. Such calculation was done in order to deal with extreme disparity of absolute 
values of governmental funding in different regions. For instance, in 2010 city of Moscow 
received from National Government over 132 000 times more funding than the least favored 
region of Ingushetiya (117 billion rubles against 883 thousand rubles). After computing relative 
values of the indicator, other regions turned out to be leading based on the governmental support 
for R&D/ regional GDP ratio:  Nizhegorodskaya, Kaluzhskaya and Novosibirskaya regions. 
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Figure 15A: "Firm Investments" Dimension of FIRM ACTIVITIES Block 
 
Source: Author’s calculations on data from Research and Statistics of Science (CISN) (refer 
to Figure 5). 
 “Firm investments” indicator reflects efforts of firms to generate innovations. It is 
calculated by summing two R&D funding sources– own funds and funds of business sector 
organizations, and then dividing the sum by total regional R&D expenditures. So, this indicator 
shows how much of total R&D expenditures in the region come from within the firm, in 
particular firms of business sector. Highest values for this indicator are recorded in 
Tyumenskaya, Udmurtskaya and Novosibirskaya regions. 
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Figure 16A: "Linkages" Dimension of FIRM ACTIVITIES Block 
 
 
Source: Author’s calculations on data from Russia’s Higher School of Economics (“Indicators of 
Innovation in the Russian Federation”) and from the National Monitoring Center for Innovation 
Infrastructure and Regional Innovation Systems. 
 First indicator to assess the development of linkages between firms is titled “Enterprises 
engaged in cooperative research and development projects as a per cent of total innovative 
enterprises. It appears that all (100%) innovative enterprises were engaged in R&D cooperation 
in Kalmykiya (2011) and in Rostovskaya region (2010). Also, in Yamalo-Neneckiy region 75% 
of all innovative enterprises were cooperating with other organizations. The latter observation 
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raises several concerns about the structure of the data given that Yamalo-Neneckiy region is one 
of the least economically developed regions in Russia. Further investigation revealed that in 2009 
there was only one organization engaged in R&D activities in Yamalo-Neneckiy region. In fact, 
several other regions with high values of cooperative indicator had very few organizations 
engaged in R&D (Sakha, Zabaikalskuy Krai, Chuvashskaya Respublika). By multiplying the 
value of indicator by the total number of firms engaged in R&D activities a proxy for an absolute 
number of total enterprises with cooperative R&D projects was created and new leaders in terms 
of absolute value of cooperative projects were indentified – city of Moscow, Moscow region, and 
Saint-Petersburg. This analysis was done in order to clarify how an indicator of cooperative R&D 
projects should be interpreted. Rather than reflecting a quantitative aspect of existing links 
between innovative enterprises, it shows the degree of integration of all firms engaged in R&D 
activities in the region. Therefore, extremely high value for this indicator does not necessarily 
suggests presence of many links between innovative organizations, but rather indicates to what 
degree R&D activities in the region were conducted through cooperative efforts of firms (as in 
case with Yamalo-Neneckiy region, it could be just one firm conducting R&D activities, but in 
cooperation with other organization/organizations which explains 100% value of indicator). 
 Secondly, to evaluate linkages between firms and other elements of regional innovation 
system a proxy variable was constructed. Range of elements of existing regional innovation 
infrastructures served as a proxy of how well RIS subsystems can be linked to each other. Such 
proxy for assessment of linkages between RIS subsystems suggests that Tomskaya, 
Astrakhanskaya and Kaluzhskaya regions have infrastructure that suggests the strongest ties 
between different innovative actors. 
Figure 17A: "Intellectual Assets" Dimension of FIRM ACTIVITIES Block 
 
 Source: Author’s calculations on data from Rosstat. 
 Leaders according to intellectual assets variable are city of Moscow, Ivanovskaya, and 
Saint-Petersburg. 
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Figure 18A: "Innovators" Dimension of OUTPUTS Block 
 
 
Source: Author’s calculations on data from Rosstat.  
 “Innovators” dimension is traditionally measured by following indicators: enterprises 
engaged in technological innovation as a per cent of enterprises total, and enterprises engaged in 
marketing and organizational innovation as a per cent of enterprises total. The criteria for 
sample selection of organizations surveyed about innovative activity were their relation to the 
following industries: mining and quarrying, manufacturing; production and distribution of 
electricity, gas and water supply (except for electricity trade; trade of gas fuel supplied through 
distribution networks), communications, activities related to the use of computers and 
information technology , research and development (beginning with the report for 2011), and 
provision of other services (Methodological notes, Rosstat).  
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 Figure above shows share of enterprises engaged in technological innovation as well as in 
marketing and organizational innovations. The latter two types of innovation were summed up to 
represent total non-technological innovation activity. It can be observed that technological 
activity of enterprises is the highest in Magadanskaya, Permskiy and Altay regions, while 
marketing and organizational innovative activity has largest shares in Magadanskaya, 
Nizhegorodskaya and Permskiy regions. It is worth investigating why Magadanskaya region has 
so many innovative firms even though its performance in ENABLERS and FIRMS ACTIVITIES 
blocks was only average.   
 
Figure 19A: "Economic Effects" dimension of OUTPUTS Block 
 
 
Source: Author’s calculations on data from Rosstat 
 “Economic effects” dimension is measured by two indicators: share of innovative 
products and services in the total volume of shipped goods, and services in enterprises of 
industrial sector and share of innovative products and services in the total volume of shipped 
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goods and services in enterprises of service sector. It appears that every second product or 
service produced in enterprises of industrial sector in Sakhalinskaya region was innovative and 
about 1/3 of all products and services in Karachaevo-Cherkesskaya and Zabaykalskiy regions 
were considered innovative. This raises some doubts about reliability of this official data. 
Unfortunately, there are no alternative statistical sources that provide regional data on innovative 
activity of organizations.  
 
Figure 20A: SOCIO-ECONOMIC CONDITIONS Block 
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Source: Author’s calculations based on data from Rosstat. 
 
Appendix 2: Missing Data Imputation  
 Below, results of regression imputation procedure are presented for 2009. 
Similarly, same procedure was conducted for 2010 and 2011. On the graphs below, original data 
for four variables with missing data is plotted in red, while newly imputed values are shown in 
blue. Note, that original missing values are treated as zeros. Overall, 1.2% of data was imputed 
for variable “number of students in tertiary and higher education per 10 000 population”, 9.6% 
for indicator of enterprises engaged in cooperative research and development projects, and 2.4 % 
for two remaining variables with missing data: enterprises engaged in technological innovation as 
a per cent of enterprises total and share of innovative products and services in the total volume of 
shipped goods and services in enterprises of industrial sector.  
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Source: Author’s calculations on created set of indicators (refer to Table 5). 
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Appendix 3: Descriptive Statistics of Standardized Variables 
Variable Obs Mean 
Std. 
Dev. Min Max 
Number of students in tertiary and higher education per 10 
000 population 83 4.24E-09 1 -3.06244 3.898376 
PhD students for 10 000 population 83 -7.90E-09 1 -1.33665 5.604923 
Labor force with higher education, % 83 2.86E-09 1 -1.79652 4.388633 
Number of researchers per  10 000 population  83 -2.51E-09 1 -0.72206 5.640872 
Number of citations per scientific publication 83 -2.09E-09 1 -0.63899 7.709831 
Federal budget funds in regional R&D expenditures as a % 
of regional GDP 83 -2.66E-09 1 -0.81429 4.48164 
Share of funds of business sector organizations in total 
regional expenditures on R&D, % 83 -2.09E-09 1 -0.99765 3.614608 
Enterprises engaged in cooperative research and 
development projects %  83 -7.46E-10 1 -2.03861 2.894471 
Number of total innovation infrastructure elements per 10 
000 population 83 -2.64E-09 1 -1.13331 5.350677 
Patent applications per million population (inventions and 
models) 83 -1.18E-09 1 -1.04951 5.535908 
Enterprises engaged in technological innovation as a per 
cent of enterprises total 83 -1.48E-09 1 -1.62734 4.938999 
Enterprises engaged in marketing and organizational 
innovation as a per cent of enterprises total  83 -1.03E-09 1 -1.73412 4.645131 
Share of innovative products and services in the total 
volume of shipped goods, and services in enterprises of 
industrial sector 83 1.92E-09 1 -0.91668 3.724537 
Share of innovative products and services in the total 
volume of shipped goods and services in enterprises of 
service sector 83 -1.27E-09 1 -0.65774 4.668611 
Population Density  83 -8.86E-10 1 -0.19796 7.163356 
Industry Concentration  83 -1.12E-09 1 -1.1982 3.890469 
Urban Population Share 83 -3.34E-09 1 -3.12971 2.27897 
Source: Author’s calculations on created set of indicators (refer to Table 5). 
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Appendix 4: Notes on Clustering Methods  
 
 To identify clusters of observations it is crucial to determine how “close” individual 
observations are to each other, or how far apart they are (Everitt et al., 2011). That is why most 
clustering techniques start by identifying a particular proximity measure (dissimilarity, distance, 
or similarity) between two individual observations in the dataset. One of the dissimilarity 
measures used in this paper is Euclidean distance defined as  
              
 
 
   
 
   
 
where     and     are, respectively, the kth variable value of the p-dimensional observations for 
individuals i and j.  
 
   Stopping Rules  
The Calinski–Harabasz pseudo- ´ F stopping-rule index for g groups and N observations is 
              
              
 
where B is the between-cluster sum of squares and cross-products matrix, and W is the within-
cluster sum of squares and cross-products matrix. 
Large values of the Calinski–Harabasz pseudo- ´ F stopping-rule index indicate distinct cluster 
structure. Small values indicate less clearly deﬁned cluster structure (Stata 11 Multivariate 
Statistics Reference Manual, 2009).  
The Duda–Hart Je(2)/Je(1) stopping-rule index value is literally Je(2) divided by Je(1). Je(1) is 
the sum of squared errors within the group that is to be divided. Je(2) is the sum of squared errors 
in the two resulting subgroups. 
Large values of the Duda–Hart pseudo-T-squared stopping-rule index indicate distinct cluster 
structure. Small values indicate less clearly deﬁned cluster structure (Stata 11 Multivariate 
Statistics Reference Manual, 2009).  
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Appendix 5: Interviews with Representatives of Krasnoyarsk RIS Elements 
 
1) Interview with the Ministry of Investments and Innovations of Krasnoyarsk Krai  
Person interviewed: Rukhulaeva O.V. 
Position: the Minister 
Contact details: +7 (391) 249-35-16, ruh@krskstate.ru, pr_invest@krskstate.ru 
2) Interview with Krasnoyarsk Business Incubator  
Person interviewed: Arkhipova D.A 
Position: Leading specialist of Project managing department 
Contact details: +7 (391) 201-7777 ext. 2103, ada@kritbi.ru 
3) Interview with Siberian Federal University  
Person interviewed: Romanov A.A. 
Position: Vice-Rector for Science and International Cooperation  
Contact details: +7 (391) 291-27-36, AARomanov@sfu-kras.ru 
 
 
,  
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QUESTIONNAIRE FOR MINISTRY OF INVESTMENTS AND INNOVATION OF 
KRASNOYARSK REGION  
Part I. Information about the Ministry 
When was the Ministry established? 
How many employees does the Ministry have? 
What are the main tasks and responsibilities of the Ministry? 
Regional autonomy:  
 Please indicate the governance level that is most important for the design of innovation 
policy in the region. 
 Please assess the general degree of institutional autonomy of the regional authorities in 
the region. 
 What is the role of national government in developing innovation policy framework? By 
which authority/authorities at the national level are the main policy objectives set out?  
 What is the role of Krasnoyarsk regional government in developing innovation policy 
framework? By which authority/authorities at the regional level are the main policy 
objectives set out?  
 How does collaboration between different governance levels take place? What channels 
work well/don’t work well? 
 
What are the main financial agencies/other sources supporting regional innovation policy? 
Please indicate the approximate share of the regional budget dedicated to innovation policy. 
Please indicate the presence of horizontal coordination projects and mechanisms between 
regional players (e.g. inter-ministerial working groups). 
Please indicate the frequency of the use of evidence-based methodologies in regional policy 
making (strategic intelligence; monitoring; inter-regional benchmarking etc.) 
Part II. Current development of regional innovation system 
In your opinion, which of the following can be identified as strengths and weaknesses of 
Krasnoyarsk regional innovation system? 
 Strong Average Weak 
Knowledge creation capacity 
Knowledge diffusion capacity 
Knowledge absorption capacity 
Interactions of main elements 
Inter-regional links  
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Governance capacity 
Part III. Problems/Barriers to innovation 
Please, identify major innovation barriers in the region. 
Please, identify major innovation policy challenges in the region. 
Part IV. Strategy/Instruments 
Which are priority policy objectives? 
Which are strategic goals of the policy? 
Please, indicate whether following instruments are part of the innovation policy strategy in 
Krasnoyarsk region: 
Policy Instruments Very 
relevant 
Relatively 
relevant 
Less 
relevant 
Policies to support innovation prone human resources 
 
Improving access to finance and offering tax incentives 
 
Policies to support investment in S&T and innovation 
 
Policies to strengthen linkages within innovation systems 
 
IPR measures 
 
Policies to enhance innovation competencies of firms 
 
Commercialization and exports of innovations 
 
Internationalization of innovations 
 
   
 
In your opinion, are there additional policy instruments that are important for regional 
innovation policy in Krasnoyarsk region, but are not yet included in the strategic policy 
agenda? If yes, which instruments? 
In your opinion, are specific needs of the region well captured by current innovation 
policy? 
Based on the past policy experience, is it possible to identify some policy instruments that 
worked well in the past and that didn’t perform well? In the latter case, what were the 
reasons for instruments not functioning well?  
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QUESTIONNAIRE FOR KRASNOYARSK BUSINESS INCUBATOR
13
   
Part I: Setting Up and Operating Business Incubator 
This section examines how incubator was set up, the type of businesses it has as tenants and 
factors determining how successfully it operates, including financial aspects. 
1.1 When was the incubator established?  Year 
1.2 How many employees does the incubator have? 
1.3 What are the main objectives of the incubator? Please rank the following objectives in 
order of importance (where 1=most important objective and 5=least important objective): 
 (1) To contribute to competitiveness and local job creation 
(2) To help universities and R&D centers commercialize know-how 
(3) To help companies generate spin-off activities 
(4) To help disadvantaged communities/individuals with projects 
(5) Other roles - please specify:……….………………………………………….  
1.4 Who were/are the main partners involved in setting up and operating the incubator? 
(1) National government and public agencies 
(2) Companies, banks and other private sector organizations 
(3) Universities and other R&D organizations 
(4) International agencies 
(5) Community and voluntary organizations 
(6) Other partner organizations 
1.5 How does the incubator cover its costs? 
(1) Subsidies - National authorities and public agencies %  
(2) Payments from banks and other private sector organizations %  
(3) Payments from universities and other R&D organizations %  
                                                          
13
 Based on the questionnaire for “Benchmarking of Business Incubators” final report by European Commission 
(2002). 
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(4) Rental income and other incubator charges %  
(5) Other revenue, e.g. from service contracts %  
(6) Other sources - please specify: …………………………….. %  
Total 100 % 
1.6 How many tenant businesses is the incubator currently assisting? 
1.7 Where did the current tenant businesses originate from? Please indicate the number in 
each category: 
(1) Start up 
(2) Branch of existing firm 
(3) Spin off from university or R&D centre 
(4) Other - please specify ……………………………………………………….. 
1.8 What sort of business activities are the tenant companies undertaking? Please indicate 
the number of clients falling into each of the following categories 
 (1) Sales, marketing and distribution 
(2) Business and financial services 
(3) Advanced/high tech manufacturing 
(4) Information and communications technologies 
(5) Research and development 
(6) Other manufacturing activities 
(7) Other service activities 
(8) A combination of some/all of these activities 
1.9 Does business incubator encourage cooperation between firms and universities/research 
institutes? If yes , through what mechanisms? 
1.10 How do you evaluate the present cooperation between the university and the based 
firms? What are the reasons for the non - existence of links in some of the firms? 
1.11 Has business incubator participated in projects related to innovation development of 
the region? What types of projects?  
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1.12 What criteria, if any, are used to define the incubator's target market? 
(1) Firms must be start ups 
(2) Firms can be already trading but must be below a certain size 
(3) Firms must be involved in certain types of activities 
(4) No particular criteria exist to define the target market 
(5) Other criteria - please specify:…………………… 
1.13 What criteria are used to decide when tenants should leave the incubator? 
(1) Companies can only rent units for a fixed period of time 
(2) Companies leave when they need more space to expand 
(3) Companies leave when they achieve agreed business objectives 
(4) Companies leave when they fail to achieve agreed business objectives 
(5) Companies leave when they require support the incubator cannot offer 
(6) No particular exit criteria 
(7) Other criteria - please specify:………………………………… 
Part II: Impacts 
2.1 How many businesses have 'graduated' since the incubator started operations? 
2.2 How does the incubator contribute to local development? Please rank the following 
impacts from 
1=most important to 6=least important: 
(1) Helping to create new, high quality businesses 
(2) Helping to improve the competitiveness of existing businesses 
(3) Contributing to job and wealth creation 
(4) Contributing to the development of new products and services 
(5) Contributing to the internationalization of businesses in the area 
(6) Other roles - please specify:…………………………………………………. 
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QUESTIONNAIRE FOR SIBERIAN FEDERAL UNIVERSITY 
 
Which department of the Siberian Federal University deals with regional innovation 
development?  
What are the general policies in your university, regarding cooperation and interaction 
with the community in general? 
How does the university interact with businesses? Has this relationship changed (improved) 
over the past years? 
What are the main reasons for the university to develop University - Industry cooperation 
links? 
How many R&D partnerships exist between SFU and businesses in Krasnoyarsk region? 
In which industries/sectors are existing partnerships concentrated? 
Does university mostly cooperate with large, medium, or small firms? 
Are the partnerships focused around basic research or technology commercialization? 
Do businesses frequently and clearly state their needs from the university partnership? 
Is innovative activity of the University well supported by national and regional 
government? What kind of support does the University receive?  
Are academic spin-offs common? 
How many patent applications were made in 2012/2013? How many patents were granted? 
When establishing cooperation with businesses, which aspects work well? 
Which are major barriers to establishing university-industry links? 
Is university involved in formulating regional innovation policy of Krasnoyarsk region?  
 
